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(57) Abstract: The inventive gas analysis method and 
ionisation detector for carrying out said method makes 
it possible to carry out the qualitative and quantitative 
analysis of impurities in a basic gas. Said detector 
S operates in a broad gas pressure range up to and 
including atmospheric pressure. Said impurity analysis 
method is carried out by analysing energy of electrons 
which are produced by ionisation of impurities atom or 
molecules during the collisions thereof with metastable 
atoms of inert gases or monochromatic photons. The 
analysis of the energy of electrons produced by the 
collisions of the impurities with the metastable atoms 
in a plasma afterglow which is produced between flat 
electrodes is carried out by obtaining a second current 
derivative in relation to voltage between cathode and 
anode. Also, in order to analysing the electron energy, 
an array can be arranged between said anode and 
cathode and an external ultraviolet source can be used 
for ionising the impurities in an equipotential space 
between said array and the anode. The interelectrode 
space and the gas pressure are selected in such a way 
that the distortions of the measured electron energy 
resulting from the collisions with the gas atoms and 
molecules are equal to or less than the predetermined 
level. 
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(57) Peii^epaT: Cnoco6 aHdJiHsa rasoB H HOHHsauHOHHudS flcreicTop WM ero ocymecTBjieHHH nosBOJixiOT 
npoH3BOjQm» KaHecTBeHHXiift h KOJiHHecTBeHHBitt anajiHS npHMecett b ochobhom rase. flexeicTop 
M03KeT pa6oTaTb b nnipoKOM ;mana30He mBJiemtA rasa biuiotb axMOC^epHoro. 
OnpeflCJieHHe npHMecefi ocymecTBJuuor nyrcM anajiHsa 3HeprHH ajiempoHOB, o6pa3yio!mixcA 

npH HOHHSaUHH aTOMOB HJIH MOJICKyJl npHMeceH B CTOJIKHOBCHIWIX C MeTaCTa6HJIbHfcIMH 

axoMaMH HHepTHoro rasa hhh MOHOxpoMaxHHecKHMH ^OTOHaMH. AnajiHS 3HeprHH 3JieKTpoHOB, 
o6pa3yK>mHxcfl npn ciojiKHOBeHiMX npHMecefi c MeracxaeHjibHMMH axoMaMH b nocjiecBCMeHHH 
luiasMBi, saxcHraeMoit ueisKffy iuiockhmh sjieicipOAaMH, ocymecTBJiaiOT nyxcM nojiyneHM 

BTOpoft npOHSBOAHOii TOKa B saBHCHMOCTH OT HanpHHCeHM MeiKffy aHOAOM H KBTOAOM. TaiQKe 

jinsi aHajiHsa aneprHH sjieiopoHOB moxcho ycxaHOBHTb cency MCMCfly anowM h KaioAOM h 
HcnojiBSOBaTb fljw HOHHsamiH npHMecefi b aKSHnoreHiiHajibHOM npocrpaHCTBe Mt>Kffy cexKoli h 
aHOAOM BHemHHil hctohhhk yjibTpa^HOJieroBoro HSJiyHeHM. PaccroMHe uc^Kjsy aneinpoAaMH 
H AaBJieHue rasa BuGHpaioT xaK, hto6h HCKaxceHHH HSMcpeHHoft sHepniH aneinpoHOB, 
o6ycnoBJieHHue cxojiicHOBeHHHMH c aroMBMH hjih MOJieicyjiaMH rasa. He npeBumajiH sajiaHHuft 
yposeHB. 
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CnOCOB AHAJmSA rA30B H nOHHSAIipBOHHUft ^TEKTOP JlJm EFO 

OCynpjCTBJIEHHfl 

06jiaCTI» TeXHHKH, K KOTOpOH OTHOCHTCfl H306peTHHe 

ripeAnaraeMoe HsoSpexeHHe othochtch k cpe;^cTBaM onpe;DtejieHHH cocxaBa rasosBix 
cMecefi H nosBOJMer npoHSBOAHTB KaqecTBeHHBift h KOjmHecxBeHHBift aHanHs XHMmcecKoro 
cocTaaa npHMecen b ochobhom rase. 

IIpeAnieGTByioiDiHfi[ ypoBCHB rexHHKH 

HsBecTHBi pasjiHHHBie cnoco6M anajnisa rasoB, b Koxoptix hx XHMHHecKHtt cocxaB 
onpe^xejiHercH nyreM Macc-anajmsa hohob, oSpasyiomnxcji npn HOHHsai^aH axoro rasa, cm., 
HanpHMep, [1]. HsMepeHHe xoKa hohob, pasAejieHH^ix no oxHomeHHio sapjij^a k Macce, 
nosBOJiHex OIIpe;^eJIHXB KaHecxBeHHBiS h KOjnrqecTBeHHHft cx)cxaB rasoBOfii cmcch. OSii^hm c 
aaHBjMCMBiM H3o6pexeHHeM npHsnaKOM yKasaHHHx cnocoSoB «BJMexc« HoaroaDtM npHMCceft b 
HOHH3a^HOHHofl KaMcpc. HeAOCxaxKOM yKasaHHBK aaajioroB mmnoxca SHaHHxejitHBie pasMcpti 
;^exeKxopa, x.k. hohu c pasHtiM cooxHomeHHeM sapsipja. k Macce ceneKXHpyioxcH h pas^ejiBHO 
AexeKXHpyioxcH b Macc-cneKxpoMexpe npn npojiexe no neKoxopoH xpaeKXcpmi, HMeioni;eH 
onpejtieneHHyio ;iJiHHy. TaioKe He;^ocxaxKOM mmerrcK HeoSxoOTMocxB nojDwepHcaHEui 
^[ocxaxoHHO BBicoKoro BaKyyMa na 3xoh xpaeKxopnH, hxo6i>i hohbi ne oxKJioHajmct npn 
cxojncHoaeHKwx c ocxaxoHHtiM rasoM. 

flpyrHM cnocoGoM oiipe;[^ejieHiM XHMHHecKoro cocxaBa rasa OTJiaexca HSMepeHHe 

KHHeXHHCCKOH 3HeprH0 SJICKXpOHOB, BOSHHKaiODDOax HpH HOHHSaipiH Xasa, eCJIH SHCprHH 

B036y^aioiipix nacxnu, b nacxnocxH, $oxohob ^HKCHpoBana (cm. HanpHMcp, [2]). PasHocxB 
Me^wy HSBecxHOH SHeprHefi <|)oxohob h HSMcpeHHofi KHHCXBraecKofi sHeprHeii ajieicrpoHOB Aaex 
HH(^opMaipTO o noxempcajiax HOHHsajo^HH MOJicKyji hjih axoMOB rasa, no KoxopBiM h 
onpeACJioEox cocxas cmcch. PacnpcAejienHe ^oxosjieKxpoHOB no SHcprmi h HSBCcxHBie cchchha 
^oxoHOHHsaipiH nosBOJMOEOx xaK»ce onpcAejiHxt napEcnambKBie KOHuempauiHH KOMnonenxos 
anajmsHpycMoro rasa. 06jnjaMa c samjuieMBiM H3o6pexeHHeM npronaKaMH ctjihioxcji 
HOHHsai^ npHMCcefi b HonnsaiproHHofi: KaMcpe h nsMcpeHHC xoKa. HcAOcxaxKOM 3xoro 
cnoco6a «BJMK)xca snaHHxejiBHBie pasMepH AexcKxopa, x.k. aHajms aJiCKxponoB no aneprHH 
xaKMce npoHCXOOTT b npoEtecce npojiexa no ncKOxopoH xpacKxopHH, HMcionieH onpejuejieHHyio 
fffljmy. IIpH 3XOM xaKace Heo6xoOTMo noAnep^CHsaxB aocxaxoHHO bmcokhA BaxyyM na sxofi: 

XpaCKXOpHH, HX06bI SJICKXpOHBI HC OXKJIOHHJIHCB npH CXOHKHOBCHIMX C OCXaXOHHBIM raSOM. 
HSBCCXHH HOHHSaiXHOHHBie J[^exeKXOpbI, KOXOpBie nOSBOJMEOX OnpeflCnKXB HaJIHHHe 

npHMccH B rase no HSMeHCHmo noHHsaipcoHHoro xoKa npn BosSyMCfleHHH sxoro rasa, nanpHMCp 
[3-6]. 3xH AexeKxopw HMCKn: Maniiie pasMcpw h Moryx pa6oxaxB npn pasjiHHHOM ;^aBJieHHH, 
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BnnoTb AO aTMOc^epHoro. HaH6ojiee 6jih3khm no coBOKyimocTH cyr^ecTBeHHUx npnsHaKOB k 
saOTJiaeMOMy ii3o6peTeHHK) aBJiaexcji naxeHX CIIIA 5,532,599 [7], BBiGpaHHHft sa npoxoinn, 
OGmjOMB. c saOTJiaeMBiM rooGpexeHHeM npHSHaKaMH HBiMexcH to, hto HOHHSHpyiOT axoMBi huh 
MojieKyjiBi npHMecefi npn cxojiKHOBeHHHx c nacxHi^aMH onpeACJieHHOH aneprHH 
(MeracraGHJiBHBiMH axoiviaMH rejiH^) b HOHHsai^HOHHOH KaMepe, HSMepHioT tok na sJiexcxpoA, 
HaxoOTEECHftcH b yKasaHHOH KaMepe, b saBHCHMocxH ox no^^aBaeMoro na nero HanpasKeKHH, 
onpeAejiHiox HauHHHe npHMeceft no xoKy na ajieKxpo;^. Oahoko yKasanmiifi npoxornn 
nosBOJisex xojibko ycxanoBHXB ^atcx nojiBJieHHa npHMecH b ochobhom rase h ne nosBOJiHex 
npoBecxH HenocpeACTBeHHO ee KanecxBenHBifi anajms (njn^eHXH^HKaKHs MOJieKyji hjih axoMOB 
npHMeceH) h KOJmHecxBeHHBifi anajiHS (onpe^ejieHHe KOHi^eHTpamiH npHMeceiS). 

PacKpbrrae H3o6pereHiifl 

npej[maraeMoe H3o6pexeHHe HMcex kcjibk) co3AaHHe cnoco6a anajmsa XHMHHecKoro 
cocxaBa rasoB, KoxopBm 6h nosBOJinn upoBojsjsrb KaHecxBeHHLift h KOjiHHecxBeHHBiS: aHajiHS 
mnpoKoro KJiacca Ben^ecxB b iimpoKOM ^Hanaaone juaBJieKsm biuioxb ffp axMOC(|)epHoro h B&nne, 
a TsaoKo HOHHsai^HOHHoro AexeKxopa jpisL ocymecxBJieHHH npcOTOHceHHoro cnocoSa, KoxopBift 
6bi HMeji MajiBie pasMepti, npocxyio KOHCxpyKi^mo h mof paSoxaxt b nmpoKOM OTanasoae 
fl:aBJieHHH anajiHSHpyeMBDC rasoB, b xom HHCJie, 6e3 HcnojiBsoBaHH^ cpe^cxB BaxyyiviHott 
OTKaHKH. IIpeOTaraeMBiH cnocoG aHauHsa cocxasa rasoB h HOHHsai^HOHHBiH ^exeicTop na ero 
ocHOse Moryx Sbixb HcnojibsoBaHfci KaK b KanecxBe caMocxoHxejiBHoro cpe^cxBa anajiHsa, xaK h 
B rasoBux xpoMaxorpa4)ax, ananHsaxopaK axoMapnoro cocxaBa npoSBi b HcxoHHHKax c 
HHj:Q^KX0BHO-CBJi3aHHofi luiasMoS, aHajiHsaxopax cocxasa XBep^Bix oSpasicoB, BKmonaa cimaBM, 
H B cpcflCXBax KOHxpojiH rasoBoiS cpeAM b pasjmqHBix xexHOJiorHHecKHX npoiiceccax. 

ffflsi pemeHHH nocxaBJiennofi sa^aHH b HssecxHOM cnoco6e anajiHsa npHMeceit b rase, 
saKJUOHaion^eMCH b xom, hto H0HH3iQ)yK>x axoMH hjih MOJieKyjiBi npHMeceii npn cxojiKHoseHHHx 
c HacxHii[aMH onpeAeJieHHofi SHeprnn b HOHHsaiproHHOH KaMepe h HSMep^nox xok na oahh hs, 
no KpaHHett Mepe, Asyx sJieKxpo^oB, uaxo jsmsjsxcsi b yKasanHott KaMepe, b aasHCHMOcxH ox 
npHJio^eHHoro uo^iiffy 3JieKrpo;Q(aMH Hanpn:aEceHHH, corjiacHO npe;DpiaraeMOMy HsoSpexenmo^ 
AaBJienne ochobhoxo rasa h npocxpancxBeHHyK) KOH^^Hrypai^mo HOHHsai^EOHHofi KaMepBi 
BBi6HpaK)X xaK, hxo6bi paccxoHHHe ox jno6o& xohkh BHyxpH HOHHsamioHHott KaMepBi ffp 
6jiH»cafinieft cxeHKH hjih o^Horo hs yKasaHHBix sjieKxpoflOB Sbuio MeHBme cpeflHefi wihhbi 
nepeMemcHHH sneKXpOHOB ^o MOMenxa noxepn 3a;^aHHoft aojih KHHexHHecKoft aneprHH, 
o6ecneHHBaK)x SKBHnoxeHipiajiBHOcxB xofi oSjiacxH upocxpancxBa HOHHsai^HOHHOH KaMepBi, r^e 
npoHCxojVix HOHHSHpyiomHe cxojncHOBeHHH, no saBHCHMocxH xoKa ox npHJioKeHHoro MCMCfly 
sjieKxpoAflMH HanpjDKeHHH onpeflejiaiox KOJinnecxBO sJiCKxpoHOB c xapaKxepncxHHecKHMH 
SHaneHHAMH sneprHH, B03HHKaK)naix npn HOHHsai^ yKasannBix axoMOB hjih MOJieKyji, cyflax 
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o cocTaBe npHMecett no napaMexpaM 3thx sjieicrpoHOB. CorjiacHO aaHHOMy TexHHHecKOMy 
pemeHHK) mo^o npoBOffjaxh KaHecTBeHHKrift h KojmHecxBeHHBifi aHajms mnpoKoro icnacca 
ra3oo6pa3HBix npHMeceii npn BBi6ope paajiHHHBix bbmob ocHOBHoro rasa h sHaHenHft ero 
KOH^eHTpa^HH, npH 3TOM peajiHaaipia cnocoSa npocTa h KOMnaicTHa, t.k. xpeGyioTCH tojibko 
sjieKxpoABi, HCTOHHHK HOHHSiipyiomHx HacTim c o^pe;^eJ^eHHofi aHepraefi h cpe;i:cTBa 
HSMepeHiM TOKa b saBHCHMocTH ox noj^aaaeMoro HanpH^eHHH. 

B HacTHocTH, corjiacHo npeflJiaraeMOMy HsoepexeHHio, b KanecxBe ocHOBHoro rasa 
HcnojiBsyiOT HHepxHUH ras, x.k. HHepxHBm ras He Bcxynaer b peaicmno c axoMaMH hjih 
MOJieKyjiaMH npHMecefi h He HCKaacaex pesyjiBxaxoB KanecTBeHHoro h KOJnraecxBeHHoro 
anajiHsa. KpoMe xoro, BOsSy^K^eHHHe ypoBHH HHepxHHx rasoB hmciox, KaK npaBHJio, 6ojibinyio 
3HeprHK), HCM 3HeprHfl sjieKipoHOB, oGpasyionmxM npn HOHHsamm npHMecefi. riosxoMy 
Heynpyrae cxojncHOBeHHa arax ajiempoHOB c axoMaMH ochobhofo rasa ne npoHcxoflax h hx 
xapaKxepHcxHHecKaa sneprna ne HCKa»:aeTCH. TaioKe MexacxaSnjiBHHe axoMM HHepxHoro rasa 
oSjia^aiox aHeprneft, ^(ocxaxoHHoS js^si H0HH3a^HH 6ojn>niHHCXBa XHMHnecKHx coewraeHHH, hxo 
nosBOJiaex npH BosSyxgE^eHHH nnepXHoro rasa HcnojiBSOBaxt ero OflHOBpeMeHHo h ksk 
HCTOHHHK HacTHi]( onpe/^ejieHHoft 3HeprHH ffflsi Homisamm npHMecefi. 

B HacTHocTH, corjiacHo npeOTai^acMOMy H3o6pexeHmo, b KanecxBe ochobhofo rasa 
HcnojniSyiOT rennfi. MeTacxa6HJiBHBie axoMBi rejina oSjia^aiox aHeprnefi, AocxaxoHHoft ajih 
HOHHsai^HH Bcex rasoB, KpoMe neona, hxo nosBOJiaex c hx noMon^tio anajmsHpoBaxb nmpoKHfi 
Kjiacc BemecxB. 

B HacTHocxH, corjiacHo npeOTaraeMOMy HsofipexeHHio, Hcnojn,syK>x ocHOBHOfi ras npn 
flaBJicHHH OX 10 ^o 10^ na H Btnne. 3xo nosBoiwex npn Heo6xoflHMOcxH oxKasa-ttca ox 
cpe^^cxB BaKyyMHofi oxKanicH paspjoKCHHa rasa h ynpocxHxt anajms. 

B HacxHocxH, corjiacHO npeAnaracMOMy Hso6pexeHHio, npHJio^KCHHoe nanp^cKeHHe 
Me^yo^ yKasaHHEiMH aJieicrpoflaMH HSMeHHKyr b AHanasone ox 0 flo nopora wo TO'^ aT^ 
ocHOBHoro rasa, a KOjranecxBO sjicKxpoHOB c xapaKxepHcxH^ecKHMH sHaneHHaMH SHepxHH 
onpe^iejiaiox no Bxopofi npoHSBOOTofi saBHCHMocxn xoKa ox npHJioxccHHoro Hanpa^eHHH. 3xo 
nosBOJwex npocitiMH cpewxBaMH npoBOflHxt KaHecxBeHHBifi h KOjmHecxBeHHBifi anajms 
npHMecefi. 

B HacxHocxH, corjiacHo npcOTaraeMOMy Hso6pexeHHK>, ^jiz cos^aHHa 
sKBHnoxeHEpaajttHOcxH yKasannoft o6jiacxH npocxpaHcxBa HOHHsanHOHHofi KaMepti 
HcnoJttsyKrr HMnyjibCHBifi hcxohhhk snepniH pjul oGpasoBaKHH b HOHH3a^HOHHOH Kanepe 
njiasMH nocnecBeHeHHH, axoMBi mm MOJieKyjibi npHMecefi nomisHpyiox npn cxojncHOBeHHHx c 
Mexacxa6HJibHBiMH axoMaMH hjih MOJieKyjiaMH ochobhofo rasa, oSpasoBaBmHMHca npn 
BosfleficxBHH yxasaHHoro HMnyjn>cHoro HcxoHnmca, yKasanHBifi xok HSMepaiox c sa^^epacKofi 
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nocjie BosAeHCTBHH yKaaaHHoro HMnyjiBCHoro HcroHHEOKa SHeprHH, npn 3tom o6ecneHHBaiOT 
xaKyio KOHneHxpaixmo h xeMnepaxypy sap^eHHux nacrnm b yKasaHHofi luiasMe 
nocjiecBeHeHHfl b MOMenr HSMepennfl, 7^e6aeBCKHfi paji;Hyc mhofo MeHBme xapaKxepHbix 
pasMepoB HOHHsai^HOHHOH KaMepu. 3to offliH H3 BapnaHTOB cosjE^aHBui yKasaHHOH 
3KBHnoTeHimajn>HOCTH, T.K. njia3Ma nocjiecBeHeHHH o5na^aeT CBOHCXBaMH 
sjieKxpoHeHTpajiBHOCTH, a nojie BHyrpn nee 6jra3KO k Hyjno, 3x0 nosBOJOwex ynpocxHXb aHanHS 
rasa 6siaroffjap^ xoMy, hxo yKaaaHHUH HMnyjiBCH^ hcxohhhk SHepniH OAHOBpeMeHHo 
o6ecneHHBaex nonyneHHe b HomisaipiOHHoSi KaMepe njiasMBi nocjiecBeHemiH j^jm 
BBipaBHHBaHHfl noxeHimajia npocxpancxBa KaMepBi, a xaKKe MexacxaSiuiBHBix axoMOB hjih 
MOJicKyn ocHOBHoro rasa c onpej^ejieHHoiS 3HeprHe]K, KOxopBie HOHHSHpyiar axoMBi hjih 
MOJieKyjiBi npHMecefi. 

B HacxHOCXH, coraacHO npezuiaraeMOMy H3o6pexeHHio, b KanecxBc yKasaHHoro 
HMnyjiBCHoro HCXOHnmca SHepnm HcnojiBsyiox HMnyjiBCHBiH tbsobbsS. pasp^ MCHc^y 
yKasaHHHMH ajieicxpoflaMH - npocxeHnmfi hcxohhhk imasMBi h Mexacxa6HjiBHBix axoMOB. 

B "^acxHocxH, cornacHo npejopiaracMOMy H3o6pexeHHio, b KanecxBe jnEcasaHHoro 
HMiiyjiBCHoro HCxoHHHKa sHeprHH HcnojiBsyiox HMnyjiBCHoe Jiasepaoe HSJiyneHHe, cos/iaiomee 
imasMy ueyKjay yTcasaHHtiMH ^JIeKxpo;^aMH. 3to nosBOJwex pacmnpHTb OTanasoH 
aHajiHSHpyeMBix BemecxB h jmanason B03Mo^ECHbix KOHi^enxpaipDH onpe^^ejiaeMBix npHMeccH. 

B HacxHocTH, corjiacHo npcAnaraeMOMy HsoSpexeHHio, HOHHSHpyiox axoi^i hjih 
MOJieKyjiH npHMeceft npn o6jiyHeHHH iiJiasMH nocjiecBenenHH ^oxonaMH SEwanHOfi aaeprHH ox 
BHemHero HCXOHHrnca. 3xo nosBOJiaex Ha6jno;tax& flonojimrrejibHwe ipyiniBi sjieiopoHOB co 

CBOHMH XapaKXepHCXHHeCKHMH 3HepiraMH, OXJIHHaiOIIXHMHCJI OX SHCprHH 3JieKXpOHOB, 

oSpasyioiECHxca npH HOHroaqHH xipHMecett Mexacxa6HjiBHBiMH axoMaMH ochobhoxo rasa h, 
xaKHM o6pa30My pacmHpHXb bo3mo^khocxh anajiHsa. 

B HacxHOCxH, corjiacHo npeOTtaracMOMy H3o6pexeHHK>, HOHHsnpyiox axoMH hjih 
MOJieKyjiw npHMecefi npn o6jiyHeHHH ^oxoaaMH, pesonaHCHHMH ffjM axoMOB hjih MOJieicyji 
ocHOBHoro rasa. 3xo nosBoJwex nosHCHXb 3$$eKniBHOcxb HOHH3a^HH npHMeceft 4)oxoHaMH sa 
cnex ysejiHHeHHH ajihhm iipo6era ^oxohob b HOHHsanHOHHOH KaMepe h yBCJinnnxb 

HyBCXBHXejIBHOCXB. 

B HacxHOCXH, corjiacHO npeOTaraeMOMy H3o6peTeHHK), Hcnojitsyiox yKasannBie 
3jieKxpo^ njiocKOH $opMBi, pacnonoKeHHHe napaiiJiejibHo jErpyr ;Q)yry h OOTOBpeMCHHo 
BbmoJiHHK>mHe pojiB cxenoK HOHHsai^HOHHofi KaMepBi. 3xox BapnaHx 4)opMH h oxHOCHxejiBHoro 
pacnojio^eHHa yKasannux sneKxpoflOB HanSojiee npocxoft, xoxa, corjiacHO npej^jiaraeMOMy 
H306pexeHHK>, BOSMO^O MHO^eCXBO flpyxHx KOH^HrypaoHft. 
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B HacTHocTH, corjiacHO npeAnaraeMOMy H3o6peTeHHK>, b HOHHsaimoHHoS KaMepe 
ycTBHaBjiHBaioT N HSOJmpoBajQDEiBix KaioAOB, Ha Ka^gocbiift Koxoptix no^aioT HHAHBH;^yajn>Hoe 
SHaneHHe HanpnsKeHBui OTHOCHxejiBHo ojopaoro vans, hcckojibkhx aHo^^oB, HSMepnioT tok na 
KaacflBiH H3 yKasaHHBix iVKaxoAOB, no coBOKyimocTH HSMepeHHBix SHaHeHHH xoKa naxoAHx 

KOJIHHeCTBO 3JieKTpOHOB C XapaKXepHCTHHeCKHMH 3HaHeHHflMH 3HeprHH, B03HHKaiOIIHHX npH 

HOHHsaixHH yKasaHHbix axoMOB Hjm MOJieKyji upHMeceH. 3to nosBonsierr yBejiHHHTb cKopocxb 
aHajiHsaBiSTpas. 

B HacTHocTH, corjiacHO npeAJiaracMOMy HsoGpereHmo, pasMen^aKyr iipoBo;o(fliqyK> cency 
Me^g^y yKasaHHBiMH dJieKxpo^aMH h aJieicipHHecKH coe^nHHioT ee c aiaoAOM jsjis. cos^aHH^ 
SKBmioTeHiiHajiBHoro npocrpaHCXBa MesKwy hhmh, HOHHSHpyKxr axoMBi Hjm MOJieKy;iBi 
npHMecefi npn oGjiynenHH npocxpaHCTBa Meacfly cerKofi h anoAOM HeiirpajiBHBiMH HacnuxaMH 
sajimnoH sneprHH ox BneinHero HCxoHHHKa. 3xo eme oahh Bapnanx cosAaHHs 
3KBHnoxeHi][HajibHOcxH xofi o6jiacxH npocrpaHCXBa HOHHsaiiHOHHOii KaMepn, r^e nponcxoji^ 
H0HH3HpyK)n^e cxojncHOBeHH^. 3xox Bapnanx nosBOJisex paSoxaxt npH MeHBme3[ 

KOHIieHXpaiXHH HOHHSOBaHHBDC npHMCCCft H OXKasaXbCH ox HCnOJIBSOBaHH^ IDiaSMBI 

nocJiecBCHeHHa (6ecnjiei3MeHHoe AcxeKXHpoBaHHe). TaK^e pasGpoc ajieKxpoHOB no SHeprnH b 
oxcyxcxBHe nnasMBi Mo»cex 6BrrB Mentme, hxo yjtynmaex bosmo^chocxh KanecxBeHHoro 
anajiHsa. B KanecxBe yKasaHHtix HeiixpajiBHMx nacxHi^ Moryx ncnojiBsoBaxBca ^oxohbi hjih 
Mexacxa6Hjn>Hbie axoMBi. 

B HacxHocxH, corjiacHo npeOTtaracMOMy nsoGpexcHmo, HCiiojiBsyiox yxasanHBie 
ajicKxpoABi H cexKy nnocKoii $opMH h pacnojiaraiox hx napajuiejiBHo flpyr ppyiyy npn 3xom 
yKasaHHBie 3neKxpo;p>i oflHOBpeMCHHO Hcnojibsyiox b KanecxBc cxchok HOHHsanmoHHoft 
KaMcpH. 3x0 HaaSojiee npocxoii BapnaHx reoMerpHH iq)H peajmsaiQiH cnoco6a h AexcKxopa. 

B HacxHocxH, corjiacHo ^pe;^JIa^aeMOMy H3o6pexeHHK>» HOHHSHpyKxr axoMBi hjih 
MOJicKyjiw npHMcceg npn o6jiyqeHHH ^oxonaMH, peaoHaHcmaMH ajm axoMOB ochobhoxo rasa. 
3xo nosBOjmex noBucnxB 3<]^4^eKXHBHocxb HOHHsamm npHMCced ^oxonaMH sa cnex 

yBCJIHHeHHH ffJEBBM npoGcxa ^OXOHOB B HOHHSaipCOHHOii KaMepe H yBejIHHHXB 
HyBCXBHXeJIBHOCXB. 

B HacxHOcxH, corjiacHO npe^naraeMOMy H3o6pexeHHK), KOHxpojrapyiox sapaa, 
nonaBnmft na Kaxo;^, npn npeBumeHmi sa^anHoro snmennsi 3xoro sapa^a npeKpanxaiox 
HOHHsaixmo B npocxpaHCXBe Me^^^y cexKofi h anoflOM h npHKJiaABiBaiox sjieKxpHHecKoe nojie ao 
MoMCHxa y^^ancHHH sapH^Kennbix nacxim h3 npocxpaHcxBa ueyKjiy 3JieKxpo;^aMH, a saxcM CHOBa 
B03o6HOBJiflK)x HOHH3a^HK> H H3MepeHHe xoKa. 3x0 nosBOJiaex noflflep^HBaxB 
3KBHnoxeHixHanbHocxB xoH o6jiacxH npocxpaHcxBa HOHH3a£(HOHHoiK KaMepH, ^;^e npoHcxoAHx 

HOHHSHpyiOmHe CXOJIKHOBeHHH, Ha HeoSxOAHMOM ypOBHe BO HsSe^aHHe HCKa^KeHHH . 
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B HacTHOCTH, cornacHO npejouiaracMOMy HsoSpereHHio, b HOHHsaixHOHHofi KaMepe 
ycTaHasjiHBaiOT iS/^HsojmpoBaHHBix KaroflOB, na Ka»ya»ifi[ h3 KOToptix no;5aiOT HHOTBEro^ajiBHoe 
SHaneHHe Hanp^KemiH OTHOCHxejiBHO OOToro hjih necKOJibKHx anoAOB h cooTBexcxByiomeH 
oflHOH mm HecKOJiBKHx ceroK, H3MepHK)T HHAHBH/^yancbHo TOK Ha Ka»<ABiH H3 yKaaaHHBix N 
KaTo;^OB, no coBOKyiraocTH HSMepeHHBix sHaHeHHfl xoKa Haxoja;aT KOJiHHecTBo ajieiopoHOB c 
xapaKxepHCTHHecKHMH SHaneHKHMH aneprHH, BosHHKaioimix npH HOHHsai^HH yKasaHHBix 
aiOMOB HJIH MOJieKyji npHMecefi. 3to nosBOJiHex ysejiHHHTB CKopocTB anajiHsa b Npas. 

B HacTHOCTH, cornacHO npeAnaraeMOMy HSoGpereHmo, b KanecxBe npHMecH 
anajmsHpyioT cocras MaTcpnaJia MnmenH, pacmjJiHeMott Bos^eficxBHeM AonojiHHrejiBHoro 
HCTOHHHKa 9HeprHH, npH 3TOM oGecneHHBaioT nocxynjieHHe npHMecH b HOHH3ai][HOHHyK> 
KaMepy b CMecH c ochobhbim rasoM jiflz anaiiHsa. B KanecTBe yKasanHoro AonojmHxejiBHoro 

HCTOHHHKa 3HeprHH MO^eT HCnOJIBSOBaTBC^, HanpHMep, ra30B&IB[ paspsm C AOCTaTOHHOfi 

luioTHOCTBK) TOKa HJIH JiasepHoe HSJiyHCHHe, c^oKycHpoBaHHoe Ha o6pa3£[e, noMeii][eHHOM b 
HOHH3ai(HOHHyio KaMcpy, Hjm na o;moM h3 sjieicrpOAOB KaMepBi jsjih oiipe;i;eJieHHJi hx cocraBa. 
3x0 nosBOJiHex pacmnpHTb loxacc BemecxB, cocxaB KoxopBix mo:^o anajmsnpoBaxB c 
noMomtio npe^JiaraeMoro cnocoSa h flexeKxopa. 

B HacxHOCXH, cornacHO npeAJiaracMOMy HSoSpexcHHio, HcnojibsyioT yKasaHHyio 
MHmeHB B KaneclBe Kaxo^a, pacnBuiaeMoro iipeABapHxejiBHHM luiasMeHHBiM pasp^OM, 
sa^oaraeMBiM c noMOEcgbio yKaaaHHoro AonojiHHxejibHoro HcxoHHHKa aneprHH, 3xo nosBOJisex 
anajiHSHpoBaxB cocras MexajiJiHHecKiix hjih npoBOA^nxHX o6pB3TxoB h pacnmpHTb Knacc 
BemecTB, npHTOAHBDC jijui anajiHsa c noMom^bK) iipe;[i;jiaraeMoro cnoco6a h ;^eTeKTopa. 

B HacTHOcxH, corjiacHO npeOTaracMOMy H3o6pexeHHK), MOJieKyjmt npHMeceft 
npe^BapHxejiBHo noABepraiox AHCcoipiai][HH na axoMBi b AonojiHHxejibHOM luiasMeHHOM 
paspH^e H npoH3BOA53T anajiHS axoMapnoro cocxaBa npHMecefi. 3xo no3BOJi^ex npoBO^HTb 
KanecxBeHHBifi h KOJXHHecxBeHHBiii anajiHS coAepHcaHHs XHMHHecKHX ajieMenxoB b npo6e. 

CymecTBeHHBie npHsnaKH, xapaicrepHsyiomHe HOHHsamioHHBiH AexeKxop coraacHO 
npeflnaracMOMy H3o6pexeHHK), aHanorHHHBi oimcaHHBiM BLnne cyntecxBeHHBiM npHsnaxaM 
iq)e;tiiaraeMoro cnoco6a anajmsa rasa na ypoBHe xexmiHecKHx pemennfi h BBipa^sceHBi b $opMe 
npHSHaKOB, xapaKxepHsyiomHx ycxpoficxBo, b (^opMyjie H3o6pexeHHH. 

KpoMc xoro, corjiacHo npe^naraeMOMy H3o6pexeHHK>, b HOHH3a^HOHHOM jD[exeKxope 

HCXOHHHK H3JiyHeHHH MO^CCX 6bIXB HanOJIHeH aprOHOM H COCXOOTB H3 IIHJIHH^pHHeCKOrO OKHa, 

npospaHHoro jijih 3xoro HSJiynenHH, ^yx 3JieKxpoflOB na xopuax oKHa h CHcxeMBi nirraHHH jxjik 
saacHraHHH ra30Boro paspjwa, a anofl, KaxoA h cexKa oth flexeKxnpoBaHHH ^oxosjieKxpoHOB 
HMeK>x <^opMy njiocKHX, napajineJiBHBDc ;ipyr flpyiy kojici^, pacnojio^eHHBix KoaKcnajiBHO h 
CHapy»CH ox imjiHHflpHHecKoro OKHa ncxoHHHKa HSJiyneHHa, npn otom HSJiyneHHe npoxo^HX 
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TOJibKo B npocrpaHCTBe Me^cay anojotOM h cerKOH. TaKan K0H$Hrypai]pa5i HCTOHHHxa HSJiyneHEM 

H 3JieKTp0A0B JlflSL AexeKTHpOBaHHA n03B0JISeT MaKCHMaJIBHO HCnOJIBSOBaTB HSJiyqCHHe 

HCTOHHHKa jvia ^oTOHOHHsai]^ 3a CHex 6ojiBmoro xejiecHoro yrjia, b KoxopoM HSJiyneHHe 
nonaj[^aeT b npocipaHCTBo Me^ECfly anoAOM h cctkoh. 

KpaTKoe onHcaHHe ^^Hiyp nepTe^eii 

Ha Ohf.I H3o6pa^eHa 6noK-cxeMa HOHHsai^HOHHoro Aereicropa h cxeMaraHecKH 
noKasaH nonepeHHHH pa3pe3 HOHH3aiiHOHHofi KaMepBi c ]s^yusL luiocKonapajmejibHMMH 
3JieKTpoflaMH, usmjsy KOTopsMH saxcHraexca HMnyjiBCHBitt rasoBtift pasp^. npiroeAeHO xaioKe 
pacnpeACJieHHe sjieicrpHHecKoro noxenipiajia b iinasMe nocjiecBeneHiiH Me^cfly sjieicrpoflaMH. 

Ha <!>vsr.2 H3o6pa^eHa 6noK-cxeMa noHHsaiiHOHHoro flexeicTopa 6e3 renepaipiH luiasMBi 
nocnecBeHeHUH h cxeMaxHHecKH noKasaH nonepeHHBiS: paspes HOHHsaoHOHHofi KaMepBi c ^payMa 
nnocKonapajuiejiBHBiMH sjieicxpoflaMH, Meatfly KoxopBiMH pasMeiqaexcH luiocKaji npoBOflan^aji 
cexKa. B icaMepy HanpaBJiflexca noxoK HOHH3HpyK>nmx ^oxohob ox BHenmero HcxoHHHKa. 
IIoKaaaHO pacnpeflejieHHe 3JieKxpHHecKoro nojia mc^jtot sjieKxpoflaMH, 

Ha Oht.S H3o6pa^eHa 6jiOK-cxeMa HOimsamiOHHoro AexcKxopa c HMnyjiBCHbiM 
paspTOOM uffmsy luiocKonapajinejiBHBiMH aneKxpo/iaMH h bh^ HOHHsaimoHHofi KaMepti b 
cxepeoMexpHHecKOH npoeKDgHH. Kaxofl pasSnx HaiVnsojiHpoBaHHBDc cemenxoB, npn 3xom c 
Ka^oro H3 cemeHXOB CHHMaiox HHflHBHflyajiBHtm ynacxoK BOJiBX-aMnepnofi xapaKxepHcxHKH. 

Ha OHr.4 HsoGpa^ena 6jiOK-cxeMa HOHHsai^HOHHoro flexcKxopa c HMnyjitCHWM 
paspTOOM Meac^^y njiocKonapajuiejiBHHMH sjieicrpoAaMH h nonepeHHBiH paspes HOHHsauiHOHHofi 
KaMCpw, b KOxopoH pasMcmaiox nap aneKxpoflOB Kaxofl-anofl. 

Ha Oht.S H3o6pa^eHa 6jiOK-cxeMa HOHKsaimoHHoro flexeKxopa 6e3 renepamiH njia3MBi 
nocjiecBeHCHHa h bha HOHHsaiiHOHHofi KaMepH c cexKoiS Me^K^y Kaxo^oM h aHOAOM b 
cxepeoMexpHHecKofi npoeicqHH. Kaxofl pa36Hx HaiSTHSojmpoBaHHHx cerMenxoB, a cexKa h aHOfl 

HBIU3DEOXCJI o6lipiMH JSJ151 BCeX N CerMCHXOB. 

Ha Q>wc.6 H3o6pa>KeHa 6jioK-cxeMa HOHHsasgaoHHoro flexeKxopa 6e3 renepamm luiasMBi 
nocjiecBCHeHEM h nonepenHbitt pa3pe3 HOHHsajocHOHHoii KaMepH b cjiynae, Koraa b nefi 
pa3Meii][aiox iV^nap KaxoA*-aHOA c cexKaMH Me^wy hhmh. 

Ha Oht.? H3o6pa^eH nonepeHHBiH paspes HOHH3aKHOHHoro flexeKxopa h 6jiOK-cxeMa 
ycxaHOBKH fliw onpeflejieHBM cocxaBa npoBOflamero oSpasita, pacnBuiaeMoro nofl 
BosfleflcxBHCM npeOTapHxcjibHoro rasoBoro paspa^a. 

Ha Onr.S H3o6pa^eH nonepcHHBift paspes HOHH3a^H0HH0^o flexeKxopa h 6jiOK-cxeMa 
ycxaHOBKH flJiH onpeflejieHHH ajieMCHXHoro cocxaBa npHMeceft, KOXopBie npeABapnxejibHO 
axoMH3Hpyiox B flonojiHHxejiBHOM rasoBOM paspjwe. 
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Ha <E>Hr.9 H3o6pa»ceH nonepeHH£m paspea HOHHsaipcoHHoro Aereicropa h 6jioK-cxeMa 
ycxanoBKH jsjik 4>oTonoHH3aipiOHHoro oupeAejieHHH npHMecefl b axMoc^epHOM Bosj^yxe. 

JlynniHe sapHaHTbi ocyiqecTBJieHHfl HBoSpereHHA 

TexHHHecKHe pemeHHJi jijm peajimaipm npe^JiaraeMBix cnoco6a anajnisa rasoB h 
HOHHsanHOHHoro ;^eTeKTOpa ocHOBtiBaioTCH Ha HH3Kecjie;ayK)meft KanecTBeHHOH Mopfism 
npoTCKaiomHX npn 3tom 4)H3HHecKHX npoi^eccoB, CTeneHB Aerajmaai^HH Koxopofi He 
orpaHHHHBaeT umpoKoe noHHMaHHe cymecxBeHH&pc npHsnaKOB npe;];jiaraeMoro H3o6peTCHHH. 

npH CTOJnCHOBeHHH aTOMOB HJIH MOJIBKyJI HpHMCCH A C HaCTHI][a3MH B*^ HMeK)niHMH 

onpe;teJieHHyK> aneprmo Ep^ npoHcxoj^HT HOHHsaiicHsi aTOMOB hjih MoneKyji npHMecH c 
o6pa30BaHHeM cbo6oahbix 3JieKxpoHOB e , ecjiH aneprHK nacnm; AOCxaxoHHa ahh axoro: 

A+B^-^A^^B^e (1) 

Ha Oht.I cxeMaiHHecKH HsoSpa^emj o6pa30BaBiiiHecfl npn axHX cxojiKHOBeHHflx 
3JieKTpoH£i 1 H HOHH npHMecH 2, a xaKMce axoM&i ocHOBHoro rasa 3. B KanecxBe nacxHiK 
onpejtejieHHoSi aneprHH Ep Mo^mo Hcnoji&soBaxB, nanpHMep, MCxacxaSHJiBHBie hjih 
pe30HaHCHO-B036y^eHHwe axoMti 4 ocaoBHoro rasa (6yAeM nastiBaxB ero xaK^e 6y(i)epHfciM 
rasoM). TaK3Ke b KanecxBe yKasaHHBix nacxni^ c onpcAejieHHOH anepraefi mo^cho Hcnojn>30BaxB 
(i)oxoHBi c sa^^aHHOH aneprHeft Ep ox BHeHmero Hcxo^HHKa, OcBoGoHCAaiomHecH npn axoM 
ajieKxpoHbi nojiynaiox KHHexHHecKyio anepniK) Ee^ paBHyio: 

• Ee^Ep-Ei (2) 
r^e Ei - noxempiaji H0HH3a^HH axoMa hjih MOJieKyjiM aHa^msnpyeMOH npHMecH. 
Mexacxa6HJibHHe axoMu 4 momcho nojiyHHXB b HMnyjiBCHOM njiasMCHHOM paspjwe, 
co3AaBaeMOM b HOHHsaixHOHHoift KaMepe MQ:«ffy Kaxo^OM 5 h anoAOM 6, Korj^a b Kanecxse 
ocHOBHoro (6y$epHoro) rasa HcnojiBayexcH HHepraBiH ras, nanpHMep rejinfi. CxemcaMH 
HOHHsaoHOHHofi KBMepBi Moryx cjiy»cHXb caMH ajieKxpoj[pii 5,6, npn axoM ocxansHBie cxemcH 
o6ecneHHBaK)x hsojihiihio MesK^y KaxoflOM h aaoppM h Moryx oxcyxcxBOBaxb nacxHHHO hjih 
HOJiHocxbK) (noaxoMy Ha Oht.I ohh He noKasanBi), ecjiH i](ejiecoo6pa3HO o6ecneHHXB 
npoxexaHHe aHajrasHpycMOH rasoBoS cmcch nepes KaMepy. BHennuui noBepxHocxb Kaxo^a 5 h 
anoAa 6 (co cxopoHBi noABOA^nipix npoBo;^oB Ha Oht.I) xaK^e HsojiHpoBaHa, ho ;^jih npocxoxbi 
qxeHHa nepxeaca axa hsojihi^hh xaicHce He noKasana Ha Oht. 1 . 

CooxHomeHHe KOHi^eHxpauHH ochobhoto rasa h onpeACJiaeMBix npHMecefi ;^ojmHo 
6BIXB xaKOBo, hxo6bi ocHOBHyK) ;^ojno oGpasyiomnxcH MexacxaGnjiBHBix axoMOB cocxaBjiHJiH 
axoMBi 6y(^epHoro HHepxHoro rasa, Hocjie OKOH^aHHa paspaaa npoHsoHAex GMcxpoe 
''BHCBeHHBaHHe" Bcex B036y^eHHBix axoMOB, H B njiasMe nocjiecBeneHH)! 6yflyx 
npHcyxcxBOBaxB, b ochobhom, MexacxaSnjiBHBie axoMBi 6y$epHoro rasa c HSBecxHofi aHeprnett 
Ep. y rejDM xaKHe axoMBi HMeiox aneprHio 19,8 h 20,6 aB, hxo flocxaxoHHO flJM HOHHsai^HH b 
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KanecTBe npHMecn Bcex HSBecTHBix axoMOB h MoneKyji, KpoMe neoHa. HcnoJiBSOBaHHe aeoHa b 
KanecTBe 6y$epHoro rasa xaiCHce MO^Ker Ghrth aejiecooSpasHo, t.k., b oxjiHHHe ox rejiHH, 
Koxopbifi HMeex ffBa, Mexacxa6HJn>Hi>ix cocxoHHHa c pasHocxBio SHepnoi 0,8 sB h Mo^ex Aasaxt 
JTOH Ka»y^oH npHMecH ffso rpymiBi 3JieKxpoHOB c sHepnaHMH corjiacHO (2), MexacxaSnjiBHtie 
ypoBHH HeoHa HMeiox sasop no aneprHH nopajojca 0,1 sB, hxo noasojiaex paccMaxpHBaxB hx kbk 
OOTH ypoBCHB H ynpocxHxs Hja;eHXH$HKanHK> npHMecen. JSpyrac imepxHBie raau xo^e HMeiox 
Mexacxa6cui&H&ie cocxojaHHH c bbicokhm SHaneHHeM Ep. Mx HcnoJiBsoBajEme b KanecxBe 
ocHOBHoro rasa MO^ex Gbitb xaic^e i][ejiecoo6pa3HO c xohkh speHHH noJio^KeHHK hx 
Mexacxa6HJiBHBix ypoBHeft, y;^o6HO^o jojisl HOHHsaoHH HeKoxopBix npHMeceft, hx xhmhhcckoh 
cxa6HJi&HocxH (He Bcxynaiox b XHMHHecKHe peaio^HH c npHMec^MH), AOCxaxoHHoii 
pacnpocxpaHeHHocxH, coxpaneHHK rasooSpasHoro cocxo)ihhh b nmpoKOM AHanasone 
xeMnepaxyp. KpoMe xoro, HHepxHBie rasBi cocxoiix xojibko h3 axoMOB, a hx HH^nne 
BosSyameHHBie ypoBHH Jie^x AOcxaxoHHO bhcoko. IIpH 3xom sjieKxpoHM, oepasyiomnecfl npn 
HOHHsaioiH (1), 6y;nyx Hcnur&iBaxB xojibko ynpynie coy;5apeHHJC c HHepxHBiM rasoM b 
HOHHsaiTHOHHoft KaMepe, Hxo Majio HCKa3Kaex hx xapaKxepHcxHHecKyio 3HeprHio Eg. 

Oj^HaKO jsjiR HOHHsajQiHH npHMeccH Moryx HcnojiBsoBaxBCH H ^ipyrHC Mexacxa6HiEbHi>ie 
axoMBi HJiH MOJieKyjibi, HMeionme ^^ocxaxoHHyio SHeprmo Ep corjiacHo (2), hxo saeHCHx ox 
ycjioBHH paSoxBi HOHHsauiHOHHoro AexeKxopa, BBi6opa ochobhoxo rasa h cocxasa 
onpe;^ejiHeMBix npHMecefi. 

EcjiH o6ecneHHXB sKBHnoxeinxHajiBHOcxB xofi o6jiacxH npocipancxBa HOHHsaipiOHHOH 
KBMepBi, r^e npoHcxoAsr HOHHsnpyion^e cxojiKHOBeHH^, xo Bce sjieicxpoHBi, oGpasyionpiec^ 
rqpH HOHHSHpyionpix cxomcHOBeHH^, 6yAyx HMexL ^mcc^OBaHHyio KHHexHHecKyio aneprHio 
oxHOCHxejiBHO sjieKxpo^OB 5,6 KaMepBi. Ilpn 3xom, ecjiH, corjiacHO npewtaraeMOMy 
H3o6pexeHHio, BBiGnpaiox flaBJieime ochobhoxo rasa h npocxpaHcxBeHHyio KOHi^Hrypaujaio 

HOHH3a^HOHHOH KaMepBI xaK, HX06h paCCXOHHHe ox JIK>6oji XOHKH BHyxpH HOHHSaiXHOHHOfi 

KaMepH flo 3JieKxpoAOB 5,6 hjih GjiH^aiimed cxeHKH (na Oht.I cxeHKH ne noKasaHBi) He 
npeBBimajio cpej^eit ff^sisM nepeMen^eHHs sneKxpoHOB jsf> MOMeHxa noxepn sa^anHoft ppsm 
KHHexHHecKoSi SHepxHH, xo sjieKxpoHBi «6jiy:imaiox» cjiynaftHBiM oSpasoM b 
sKBHnoxeHxmajiBHOM npocxpaHCXse HOHHsamioHHOH KaMepBI, HcnBixBiBaa, b ochobhom, 
ynpynie coyAapcHHH c axoMaMH 5y$epHoro rasa, ;^o xex nop, noKa He nonajiyx Ha 
nosepxHocTB yKasaHHBix sjieicxpoAOB 5,6 hjih na offlay hs cxenoK h He norH6Hyx 
(peKOMGHHHpyiox) xaM. npn ynpyroM coy;[^apeHHH sjieKxpona c axoMOM 6y<^epHoro rasa 
SjieKxpoH xepnex ^omo cBoeft KHHexHHecKOH snepniH, pasHyio m/Mt^ rae m - Macca sjieKXpona, 
3. Mb - Macca axoMa 6y$epHoro rasa. HanpHM^, ajw rejma m/Mt cocxaBJinex nop^HKa 0,0001, 
nosTOMy sjieKTpoH noxepiiex xojibko nopwKa 1% cBoeS sHeprnn, HciiBrraB 100 ynpyrax 
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coyjC(apeHHfi. JSflssHSi CBoSo^oro npo6era sjieicrpoHa OTHOCHTeji&HO ytcpyrHX cTOJiKHOBeHHi& 
paBHa: 



rm Nb - KOHixeHTpaipiH axoMOB 5y(|)epHoro rasa, a© — ceneHHe ynpyrnx CTOJiKHOBeHHH 
sjieKxpoHa c axoMaMH 6y$epHoro rasa. BejraHHHa 3thx ceHeHmi jjjm pasHBix rasoB HSBecraa h 
cocxaBjiKex BCjmHHHy nop^wa raaoKHHexuHecKoro pasMepa - 10'^^ cm^. Elocjie xa^oro 
cTOJiKHOBeHHA 3JieKTpoH npoxoAHT cpe^Hee paccTOHHHe Ze H 3aTeM cjiynaBHUM oGpasoM 
MeHHer HanpasneHHe cBoero ABiuKeHHK nocjie crojiKHOBeHnfl, kbk 6poyHOBCKax nacTHixa. 
CorjiacHO HSBecxHOMy ypasHeHHio AH^^ysHH, 6poyHOBCKaH Hacnma nocjie n cxojiKHOBeHHH 
nepeMecTHTCH Ha cpe^cee paccrojiHHe Ze • -y/~n ox aaHajiBHoii xohkh. TaKHM o6pa30M, 
SJieKxpOH noxepjiex, nanpHMep, 1% CBoen sneprHH, nepeMecxHBiUHCB b rejmn na cpeOTee 
paccxoHHHe ;^ecOTB ajihh cboSootofo npo6era (10 • Le) oxhochxcjibho xohkh, rae npoHSomna 
HOHHsamifl. BBe;ieM ypoBCHt noxepB (HCKa^eHHfi) saeprHH 3JieKxpoHOB Se, pasHBiH 
oxHomeHHK) noxepOTHOH aneprHH k nepBonanajiBHOH. Ecjih b paccMoxpeHHOM cnynae j^jm 
reJiHfl Se paBHO 1%, xo KOH^^Hiypai^HH HOHHsaimoHHofi KaMepu AOJocna 6iax& xaKoS, hxo6h 
MHHHManBHoe paccxo^asHe / ox mo6o1li xohkh BHyrpH KaMepBi mo OAHoSt h3 cxchok hjih 
3JieKxpoflOB He npeBBnnajio BejiHHHHy I^un, pasHyio 10 • npH BBi6paHHofl KOHixeHxpaiiHH 
rejraa b KanecxBe Sy^epnoro rasa. B o6meM cjiynae, sHaneHHc paccHHXbiBaexcji c 
HcnojibsoBaHHeM KOHiqpexHBix BeJiHHHH m/Mb, Oe, Nb H BBi6paHHoro ypoBHs Se, a jsjir I 
BBmojiHKexcA ycjioBHe: 



TaKHM o6pa30M» npH co6jiK)fleHHH ycjioBHH (4) $opMa HOHHsarpaoHHoS KaMepBi MO»cex 
GioTb BBiSpaaa AOCxaxoHHO npoHSBOJiBHoft, x.k. ra3opa3pH;z^aa njiasMa aaiiMex BecB cbo6oahbi& 
oGbcm u&TKffy sjieKipoAaMH. OAnaKO nanGojiee rtejiecooSpasHOH ^opMo£t KaMepM flBJinexcH 
napajiJiejienHne;^, OT© npoxHBonoJioMoaBie cxopoHBi Koxoporo pacnojio»ceHLi na paccxoxomH L— 

Ifnin H OAHOBpeMeHHO ABJIHIOXCH yKasaHHBIMH dneKXpOASMH 5,6 (OhT.I). npH 3XOM «MepXBBlfi 

o6'BeM» (x.e., r^e anajiHS rasa He npoHCxowx) HOHHsaimoHHOift KaMepBi MHHHMajien. Ha 
HonepeHHHe pasMepBi sjieKipoAOB 5,6 ycjiOBHe (4) orpaHBCHennft ne naKJiaABiBaex, h sxh 
pasMepH Moryx Gbitb MHoro SojiBme L Upn 3xom 3JieKxpoHBi Gyjsyr rHSnyxB na dJieKxpo^ax 
5,6 Hjm Ha cxemcax HOHHsai^OHHott KaMepBi, ne ycnen noxepaxB flomo CBoen snepniH, 
6ojiBinyK> 3£waHHofi Se> flna pa6oxBi HOHHsaimoHHoft KaMepBi npH axMoccj^epHOM AaejieHUH 
ocHOBHoro rasa, nanpHMep, rejmH, paccxo^iHHe Me^c^y sJieKxpo^taMH j^omKBO 6bixb nop^AKa 0,1 
MM. IIonepeHHBie pasMepBi 3JieKxpoflOB (h, cooxBexcxBeHHo, hx juioma^) BBiSnpaioxcH 



Ze=l/ (iVb-ae) 



(3) 



(4) 
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TaKHMH, hto6bi npH HMeiomeflM nnoTHOCTH TOKa 3JieKTpoHOB, o6pa3yK)mHXCH npH HOHHsamm 
npHMeceft, cyMMapHBift tok na sjiCKvpon 6bdi AOcraroHHBiM oth ero Ha^eMCHofi peracTpartHH 

HSBeCTHUMH 9JieKXpOHHBIMH CXCMaMH. TaKKe H3 yCJIOBHK (4) H yCJIOBHH flJIH B03M0»CH0CTH 

3a»cHraHHa rasoBoro paspji^a cjieflyer, hto pa6oHHH AnanasoH flaBJieHBda mohcct Gbitb ot 10 jxo 
10^ nan BBnne. 

3KBHnOTeHqHaJIBHOCTB TOfi 06jiaCTH npOCXpaHCTBa HOHH3ai^HOHHOH KaMepM, rjifi 

^poHcxo^^HT HOHHSHpyioiipie CTOJiKHOBeHHH, MO»cHO o6ecneHHTb pasjiHHHHMH cnocoSaMH, 
HanpHMep, iryxeM cosflaHHH njiasMBi nocjiecBeneHHa b HOHH3a^HOHHofi KaMepe ueyKjsy 
sjieKipoflaMH 5,6 c homohqiIO Eo^fnyjibCHoro HCTOHHHKa aneprHH, KaK noKasaHo aa Oht.I . 
Ilocjie BUKJnoneHEw HMnyjiBCHoro HcxoHHHKa sneprHH xeMnepaxypa aneicipoHOB Te b nnasMe 
nocjiecBeneHEM 6MCTpo onycKaerca flo TeMnepaxypBi 6y<^epHoro rasa h cocxaBJiHex BenHHHsy 
nopwa 0,03-0,1 3B. ripn 3tom oth nanrax nejieft KOH^eHTpa^Ha sjieicrpoHOB iV© flOJiMoaa SBixb 
TaKOH, hto6bi ^e6aeBCKHft pa^Hyc 

V^e/(6^e'-^J (5) 

Gbdi MHoro MeHBme reoMexpHHecKHX pasMepoB HOHHsaimoHHOH xaMepbi. TIoOTepKHeM, hto 
KOHi^eHTpaixra Me^enHMx sjieicrpoHOB iV© luiasMBi nocjiecBeneHM mhofo 6ojiBine 
KOHBceHxpaiiHH anaimsHpyeMBix ajiexxpoHOB, oGpasyioumxcji npn HOHroaoHH npHMecett b 
nocjiecBeHeHHH. Kax HSBecxHO (cm. nanpHMep, [8]), BnyxpH npocrpaHcxBa, saEorroro njiasMofi, 
sjieicrpEraecKoe nojie ne npeBHmaer BejiHHHHBi hcckojibkhx Te, noaxoMy mo3kho cHHxaxB, hto 
nojie npaxTBraecKH OTcyrcTByer h, cjieAOBarejiBHO, noTeni^Haji npocipaHCXBa omopojsfiK. IIpH 
3T0M SHeprM 3JieKTi>OHOB, BosHHKajomHX B pesyjiBxaxe HOHHsai^HH npHMeceft, onpeAejinexcji 
cooxHomeHHeM (2) h He saBHCHx ox Koop^HHax xohkh, r^e ohh BOSHHKaKxr. Ecjih nocjie 
BBiKJUOHeHBM HMiiyjiBCHoro HcxoHHHKa 3HeprHH npHJio^cHXB Me»^ ajiexxpoAaMH 5 H 6 
3jieKxpHHecKoe Hanpn^ceHHc U, ne npesHmaiomee ^oxeH^HaJI HOHH3a^HH axoMOB 6y$epHoro 
rasa, to na xaxoj^ 5 BosHHKHex xok npenMymecxBeHHo nono^iarrejibHBix hohob, a na asioji 6 - 
TOK 3JieKTpoHOB. EEpH 3TOM HoxcHimaji npocxpaHCTBa HOHHsartHOHHofi KaMepBi Ha Onr.l ox 
rpaHHHHoft njiocKocxH 7 w ano^a 6 GyAex npaxTHHecKH hocxohhhbim, a b cjioe MejKffy 
xaxoflOM 5 H rpaHHHHofi nnocxocTBio 7 xojhiihhoh nop ^a Zd BOSHmcaex snexxpHHecKoe none, 
B KOXopoM na^aex Bce npHJio^cenHoe HanpjEKeHHe £/, xax noxasaHo na xpHBofi 8 (npHxaxoflHBift 
cxanox noxeHEpaajia). OOTOBpeMCHHO, bSjihsh ano^a 6 xax»ce oGpasyexca cjiofi h npnaHOAHBifi 
cxaHox noxenixHajia, OOTcaxo 3X0x cxanox, xax HSBecxHo (cm., nanpHMep, [8]), Man, h 
sxBHnoxemmanBHoe npocxpancxBO npHo6pexaex noxeniiHaJi, 6jiH3KHjft x noxenipiajry anoAa 6. 

npHHHHOft 3XOrO HBJMeXC« MaJiaH CXOpOCXB HOHOB HO CpaBHeHHIO CO CXOpOCXbK) sjiexxpoHOB 

H3-3a npeHe6pe3KHMO Majio£t MaccKi 3JiexrpoHa m no cpasHeHHio c MaccoiS hohob M^. 
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MexacraSiinBHBie axoMLi b nocjiecBenenHH TaK»ce rzSHyr (nepexcj^ar b HopMajitHoe 

COCTOHHHe), HX BpCMH »CH3HH T ODteHHBaeXCH HO COOTHOmCHHIO: 

1 /t= 1 /Td+ iVd -O-id + -Ve -Qie + -V^ • (6) 

r^e iVd - KOHaeHTpaiiHH axoMOB Hjm MOJieKyji npHMecefi; 

Qid - cencHHe neynpyrHX cxojncHOBeHHH MexacxaSHJieft c npHMecKMH; 

iVe — KOHD[eHTpaiXHH 3JieKTp0H0B; 

Vg — Cpe^HHa CKOppCTB flBBMCeHEM 9JieKrpOHOB B iDiasMe; 

aie — ceneHHe Hej^pyrnx CTOjncHOBeHHfi MexacxaGHJieft c dJieicrpoHaMH; 
iV^n - KOHneHTpai^Ha MeTacTa6BuiBH£ix axoMOB; 

<T2 - ceHCHHe napHBix Heynpyrnx cxojiKHOBeHHfi MexacxaGiuiBHBDC axoMOB; 
Vm — cpe/piHH CKOpOCXb ABH»CeHHfl Mexacxa6HjiBHBix axoMOB; 

Td - AH^^ysHOHHoe BpewM ^iCHSHH Mexacxa6HJibH£ix axoMOB oxHOCHxejiBHO rE[6ejm na 
3neKxpojQ[ax h cxeHxax KaMepu, Koxopoe onpe;^ejiHexcA cooxHomeHHeM: 

Td^L^ * Nb' ^h/Vm (7) 

r^e <Tb — ceHCHHe ynpynax cxojiKHOBeHHfi MexacxaSHJiSHiiiix axoMOB c Gy^epHUM rasoM. 

3neKxpoHBi 1 b npouecce cjiynaitHHX iSny^dsssAyy b SKBHnoxeHi^ajiBHOM 
npocipaHcxBe nona^aiox b OKpecxHOcxB Kaxo^a 5, npaKXHHecKH coxpaHHB cbok) HanajiBHyK) 
KHHexHHecKyio 3HeprHio, nojiyneHHyio b momchx HOHHsai^HH, x.k. corjiacHO ycjioBmo (4), 
sneKxpoH rnSHex na sneicrpoAax both na cxemcax, x.e. «B£i6&iBaex hs HrpBi», eme flo xoro 
MOMCHxa, KaK OH noxepaex saMexnyio jspmo cBoefit 3HeprHH. Bjiexan b oAHopoAHoe 
3JieKTpHHecKoe none npHKaxo^ipsoro CKanKa (oSnacxB Me^ig^y njiocKocxHMH 3 h 7 na Oht.I), 
3neKrpoH 1 jsfisc^&izK noji neKoxopBiM cjiynataHM yrjioM k BeKxopy sxoro nojia h HaHHHaex 
xopMOSHXBCfl. CorjiacHo ypaBHCHHHM ;^H3KeHHii B oflpopoflHOM 3neKxpHHecK0M nojie, npH 
saj^aHHOM oxpHixaxentHOM noxcHixHajie U na Kaxo;^e 5 3JieKxpoH (nanpHMcp, la na Oht.I), 
HMeiomnH j^ocxaxoHHyio KHHexHHecKyio SHepraio Ee h seKxcp CKopocxH, jieHcamnfi b 
HeKOXopoM KOHyce BOKpyr scKXcpa nojia, flocxuraex noBepXHocxb Kaxo^a h Aaex cboh BKJiafl b 
xoK. B npoxHBHOM cjiynac sjieKXpoH (nanpHMep, lb na Ohf.I) oxpa^aexca ox 
sa^ep^Baiomero noxeni^HaFia Kaxo^a 5 h B03BpamaexcH nasa;?; b SKBHnoxeniiHajiBHoe 
npocxpancxBo, a saxeM Mo^ex noBxopHXB nonBmcy nonacxB na KaxoA 5 hjih, b KOHnie kohuob, 
norH6Hex na ano^e 6 Hjm cxeHKax H0HH3a^H0HH0H KaMepti. Ecjih ajieKxpoH, y^e naxoflacB b 
yKasaHHOM 3JieKxpHHecKOM nojie, HcnBixaex ynpyroe cxoxncHOBCHHe c axoMOM 6y4>epHoro rasa, 
xo a6coJiioxHoe SHaneHHe ero sneprHH ne HSMemrrca, a Mo^ex HSMennxBCK cjiynafiHWM 
o6pa30M xojiBKO HanpasjicHHe ero BeKxopa cKopocxH. TaicHM oGpasoM, ^caHce npH ynpjTHX 
cxojncHOBeHHflx B cjioe Me»cfly nnocKocxflMH 5 h 7 cjiynafiHBifi xapaKxep pacnpeAeneHiui yrjia 
Me»wy BeKxopoM cKopocxH 3JieKxpoHOB H BeKxopoM nojia co?q)aHHxcH. PacnpeflejieHHe 
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ajieicipoHOB no cKopocxHM b SKBHnoxeHixHajiBHOM npocxpaHCTBe HOHHsaipiOHHOH KaMepe 
MOMCHo onHcaxb HCKOTopoH ^ysKu^cS. pacnpeAejieHHH F(v), ^;^e v — mo^q^jib cKopocxH 
sjieKxpoHOB. HpH 3T0M F(v)dv cooTBercTByex HHCJiy aJieicipoHOB, hmcioedchx CKopocxb b 



MOJicKyji npHMecH c noTeHLpaanoM iioisszwjm Ei. HHTerpupya no bccm SHaneHnjiM sneprHH 
3JieKTpOHOB H HO BccM SHaHeHHHM yTjia Bxo^a B oAHopo;[pioe ajieKipHHecKoe nojie cjioh (cHHTaa 
pacnpeAejieHHe ajieKxpoHOB no yrjiaM axo^a pasHOMepHBiM H3-3a cjiynaiiHoro xapaKxepa 
«6JIy3iy^aHHft» b 3KBHnoTeHi](HaiiBHOM npocTpancTBe), nojiyHHM BOJiBx-aMnepHyio 
xapaKxepHcxHKy - sasHCHMOCXB /g xoKa 3jieKxpoHOB na njiocKHii KaxoA ox npHJio^eHHoro 
HanpraceHHK f/n ox BBwa F(v) (cm., nanpHMep, [8]): 



TOe e - sap^ 3JieKxpoHa; 

S - n^o^^aJ^pb aneiopoAa. 

HpH 3XOM xoK nojioxECHxejiBHBix HOHOB Ha KaxoA 5 onpe;](ejDiexcA npoKSBeAeHneM 

nnom^aw cjiok (miocKOCXB 7) BOKpyr Kaxo^a 5 n nnoxHocxH OT4)4)y3HOHHoro noxona 3xhx 

noHOB Ha rpaHHiie cno^. IIoBepxHOCXB Kaxo^a 5 ;^OJI:»cHa 6Brn> flocxaxoHHO rjia^z^Kaa, Hxo6bi 

xoJiiMMJtia cjioH Sttjia Majia no cpaBaeHmo c jioKajiBHMM paAHycoM kphbhshbi nosepxHOcxH 

Kaxo;^a. B 3xom cjiynae sjieKxpHHecKoe nojie b cjioe Gy^ex 07^HopoJ[^HBIM, a njioni;aja[B cnoa 

npaKXHHecKH He saeHCHx ox npHJioaccHHoro Hanpa:KeHHH U. npn axoM xok nojioxcHxejiBHMx 

f 

HOHOB Ha Kaxofl 5 xaiOEce npaKXHHecKH He saBHCHx ox f/n hx BKna^ Mo^ex 6Bixb BKraxeH h3 
pesyjiBXHpyionieft BOJiBX-aMnepHod xapaKxepHCXHKH flexeKxopa. 

ToK MCMwy 3jieKxpoflaMH 5,6 b saBHCHMOcxH ox npHJio^eHHoro HanpA^enns HSMepjoox 
HSBecxHBiMH CHOcoSaMH, HanpHMep, no na^eHHio nanp^eHH^ na pesHcxope 9, BKjnoneHHOM b 
3xy i^enB. Hanp^enne c pe3Hcxopa 9, BejmHHHa Koxoporo jspmssz, 6bixb AOCxaxoHHO Majia, 
hxoSbi He HCKa^axB BOJiBX-aMnepnyio xapaKxepncxmcy AcxeKxopa, ycHjmBaiox c noMon^Bio 
HSBecxHBix 3JieKxpoHHBix cxeM H CTpojix yKasaHHyio BOHBxaMnepHyK) xapaKxepHcxHKy. 
HanpHMep, nanp^enne c pesHcxopa 9 no^aiox na bxo^ ycHjmxena c anajioro-nHij^poBBiM 
npeo6pa30BaxejieM (AUTQ 10 h ^anee b KOMHBioxep 1 1 ;um naKonjieHHH h o6pa6oxKH ;^aHHBix. 
K 3XOMy KOMHBioxepy xaioKe noj^Kjno^aiox rtH<|)po-aHajioroBBm npeo6pa30Baxejn> CP AET) 12, c 
BBixo;ia Koxoporo no^aiox sa^^annoe oxpHnaxejiBHoe HanpHXceHHH na KaxoA 5 b OTanaaone ox 0 
B AO 25 B (nop^fljca nopora HOHHsaomi axoMa rejina). KoMnBioxep 1 1 ^onojiHHxejiBHo 
ynpaBjwex pa6oxoH HMnyjn>cHoro 6jioKa nnxaHHa 13 jijisl aa^raraHHH paspafla h C03AaHH5i 



OTana30He ox v ;^o v\-dv. B nacxHocxH, (i)yHKi^HH pacnpe^ejieHHH F( yj2{Ep—E^)lm ) 
onpe;^eiwex KOHi^eHxpaimio ajieKxpoHOB, oGpasoBasnrnxcH npn HOHHsamm axoMOB hjih 




(8) 
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nnasMBi nocjiecBeHCHHH, KoropBiB BBmojiHHeTC^ no hsbccthbim cxcMaM, nanpimsiep, c 

HCnOJIbSOBaHHeM BBICOKOBOJIBTHOrO TpaHSHCTOpHOrO KJnOHa OTK HMnyjIBCHOH KOMMyrai^HH 

nocTOHHHoro OTpH^aTeJIBHO^o HanpH^enM nopHOTa 200-600 B Ha Kaxofl 5. Hacxoxa 
CJIe;^OBaHIM HMuyjiBCOB ox 6noKa nirraHHK 13, hx AJurreJiBHOCTB h aMnjmry^^a xaioEce mokcx 

KOHXpOJIHpOBaXBCH KOMUBIOXepOM 1 1 . ^^JIH AUJl 10 H I^AIl 12 HCHOJIBSyiOXCH HSBecxHBie 

3JieKxpoHHBie cxcMBi, B KoxopBDc npe^ycMoxpeHa bosmohchocxb cxpoGHpoBamut Bxo^sax h 

BhSKOffPMX. CHTHajIOB. 

B KanecTBe HMnyjiBCHoro HcxoHHHKa aHeprnn jsflSL cosAaHHH njiasMBi xaicKe MOMcex 
HcnojibsoBaxbCH noxoK dBicrpBix sapA^eHHBix nacxHi^ (ajieKxponoB hjih hohob) or ycKOpHxejia, 
HMiiyjiBCHKds Jiasep h ^py^B.e. 

CHcxeMa HSMepeHHs pa6oxaex cjieTOronpcM o6pa30M: KOMnsioxep 1 1 sanycKaex 
HMnyjmc pasp^jmoxxy xoKa ox 6jioKa nnxaHH^ 13, a saxeM c sa^epKKofi nocjie OKomaHSJi 
paspH^oro HMnyjiBca h ocxMBaHHH iuia3Mbi Me»wy 3JieKxpoAaMH 5,6 oxxpBmaex kjiioh 14, 
aammnaioimifi HSMepnxejiBHyio EtenB hs peancxopa 9, A3JJI 10 h E[An 12. BpeMH sa^ep^KKH 
oxKptiBaHBM KJHOHa 14 He npeBBnnaex BpeMera skhshh Mexacxa6HJii>HBix axoMOB x b 
Bbi6paHHBix ycjiOBH)ix pasp^SL. 

B KanecxBe samHXHoro sjieMenxa 14 xaK»ce Mo^ex HcnoJiBsoBaxBCH bbicokobojibxhbih 
moji, iiojsjunoHCBBhT& aHo;^oM k Kaxo^y 5, npn 3xom flHOfl saimpaexcH npH bbicokom 
oxpHi^axejiBHOM Hanpa^eifflH bo BpeMK pasp^^Horo HMnyjiBca SjiOKa nnxaHKUi 13, ho 
oxKpBmaexcji b nocjiecBeHenHH oxpHDcaxejiBHBiM HanpaMceHneM c IXAII 12. flajiee, nocjie 
OKOHHaHHfl nepexoflHKK npoi^eccoB b HSMepHxejiBHoS ijfixm nocjie oxKpBrma 3a^^^^Ho^o 
3JieMeHxa 14, KOMHBioxep 1 1 HSMcpaex nanpajKeHHe na pesHCxope 9 c homoh^bio AUJl 10, a 
saxeM MOMcex ycxanoBHXB HOBoe snaneHHe Haiq)j3DKeHHH na IXAII 12. 3xox npoiiecc i^HKUHHecKH 
noBxopaercs nocjie Ka^oro HMnyjiBca pasp^^nHoro xoKa ox 6jiOKa nHxanna 13. ^aHHMe c AUJJ 
10 cyMMHpyioTCJi h ycp&fspsnyrcsi KOMHBKyrepoM 1 1 fljia Ka3iyatoro ycxaHOBJienHoro sHaneHHH 
HaiipH^eHHS Ha IXAII 12, h xaicHM oSpasoM HSMepaexcH BOJiBx-aMnepnan xapaKxepncxmca. 
TaK»ce BOSMO^a perHcxpacgM Bceft BOjiBX-aMnepnoii xapaKxepHcxHKH hjih ee nacxH nocjie 
OOToro HMnyjiBca paspa^pcoro xoKa ox 6jiOKa nnxaHHK 13. JOflsi 3xoro c noMombio AllTI 10 
^tejiatox cooxsexcrayiomee hhcjio nocjiejotOBaxejiBHBix HSMepeHHH xoKa b nocjiecBenenHH 
HMnyjiBCHoro pasp^a npH paajmHHbix sHaHenHflx HanpaKeHHH Kaxofl-anoA, ycxaHaBjiHBaeMBix 
c noMombK) I^An 12 H KOMiiBioxepa 1 1 . MeH<fly MOMenxaMH BpeMenn, Kor^a onepewaoe 
SHaneHHe Hanpi3raceHHa ycxanoBJieno c noMomBio IJ[An 12, h nanajiOM HSMepeHHH xoKa c 
noMoniBK) AUJl 10 bboahxch saflepxaca xoro, hxo6h saKOHHHJiHCB nepexojtpiBie npoi][eccLi, 
Bjm^mne na HSMepenne xoKa. 
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XapaKxepHcxBHecKaK 3HeprHH sjieKxpoHOB Egj o6pa3yK>mHxcH npn HOHHsaiXHH 
npHMecefi, cornacHO (2) Moxcer Jie^caxB b OTanasone ot 0 jsp SHepnm B036y^aiomeH HacxHi^bi 
B saBHCHMocTH OT noTCHitHajia HOHHsai^HH npHMCCH. Mo^ECHO CHHTaxb BCpxHefi rpaHHr^efi OTW 
npHMeHHMbDc 3HeprHH B036y^aK)iimx Hacraa aHeprnio HOHHsaimH axoMa 6y$epHoro rasa, 
T,K., ecjm HcnojiBSOBaxb B035y»y^aiomHe HacTHDpbi 6ojn>nieH 3HeprHH, to HaHHexcji HOBoasaiXEUi h 
ocHOBHoro rasa, a na ee $oHe 6yfleT cjio^kho onpeAejiKXB bkheia npHMecefi. TaKHM o6pa30M, 
HSMepM BOJi&TaMnepHyio xapaicrepHCTHKy b flHanasone npHJiOHceHHux Hanpa^ceHHfi ox 0 jsp 
noTenipiajiaHOHHsaipaiaTOMOBocHOBHororaaa, mo^o, pemaa ypaBHeHHe (8), HaiBcTH 
^yHKHCHK) pacnpe^eneHRS ajieicrpoHOB no CKopocDiM F(v) (a xaiGKe cooxBexcxByiomee 
pacnpeAejieHHe/(S^ ajieKxpoHOB no SHeprHH) h KOJimecTBo tcx sjieiopoHOB, Koxopue 
B03HHKaK>T 3a CHCT H0HH3aii[HH oupefffiRGHBoH iipHMccH. HanpHMcp, ABa^c^i AH^^epcHimpyH 
no U BBipa^eHHe (8), nonyHHM: 



F(^2eUlm)^ , -C/.^ (9) 

OxciOAa js^?c^jx^ AH^^epeHCCHpoBaHHaa HSMepeHHaa BOJi&T-aMnepHaH xapaicrcpHCTHKa ;[^aeT 
KpHByio, cocTonnQnEO H3 iiHKOB, Ka»OTbift H3 KOTopBK cooTBexcTByeT Fpyime ajieKxpoHOB, 
o6pa3yioi]mxcM npn HOHHsaiptH axoMOB hjih MOJicKyji onpeflCJieHHOH npHMecH. SneprHH sthx 
3JieKTpoHOB Ee (h nojiOKeHHC cooTBCTCTsyioiJ^HX iiHKOB B HiKajie npHJio^ceHHOFo K 3JieKTpo;^aM 
HanpH^cHHH) onpejEtexwexcH ^opMyjioft (2). YKasaHHoe AByxKpaTHoe OT^^epenimpoBaHHe 

MO»CHO OCymeCTBJIHTB paSJIHHHWMH H3BeCTHBIMH MCTO^l^aMH, BKJUOHaa npHMOC HHCTOHHOC 

AH$$epeHimpoBaHHe HSMepenHofi BOJiBT-aMnepnoH xapaKxepHCXHKH c HcnojiB30BaHHeM, npn 
Heo6xo;piMocTH, pasJiHHHMx HSBecxHfcix ^po^e;^yp crjiaHamaHM ^aifflBix. Moskho xaioKe 
npHMeHflXB pasjiHHUue djieKipoHHBie cxcmbi, HcnojiBsyion^e MOAyJummo npnnosKeHHoro 
HanpHHceHSLs U neSojibinHM nepeMeHmoM CHTHanoM AC/ c HacxoxoH o) h perHcxpaixmo xoKa na 
nacxoxe co fljw nojijnieHM iipoHSBOOTott hjih 2a) ajm noJiyneHHa 2-h. 

no nojio3KeHHK> Ha6jiK);^aeMfcix iihkob h cooxBcxcxByiomeMy SHaHenmo Ei Moymo 

HAeHTH4)HI^HpOBaTB npHMCCH B OCHOBHOM raSC, a HCnOJIBSyH H3BeCXHbie KOHCXaHTH CKOpOCTH 

HOHH3a^HH kid HfleHTH^HE^oBaHHMx npHMecefi Mexacxa6HJiBHBiMH ^xoMaMH 6y4)epHoro rasa 

If * 

H SHaHCHHe TOKa 3JieKxpoHOB led c 3HeprHefl Ep - Eh M03KHO onpe;^ejiHTB naponajitHBie 
KOHnenrpanHH npHMecefl b cjrynae luiocKo-napajuiejitHbix KaTo;|;a h ano^a aa ocHOBaHHH 
ypaBHeHH^: 

Nd = Ied/(e ' A ' kid' Nr„' S ' L) (10) 
vjsfi A - SespasMepHBiH K03$$mtHeHT, saBHcan^HH ox reoMerpHH HOHHsanjHOHHoft KaMepti h 
paBHbiH BejiHHHHe nopwoEca 0,5, hto cooxBexcxsyex xoMy, hto xojibko npHMepno nojiOBHna 
3JieKxpoHOB AocxHraex xaxofla, a ocxajiBHue rHSHyx na ano^e h cxeHKax HOHHsaicHOHHofl 
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KaMepH. KoHi^eHTpanmo MexacraGiuiBHHX axoMOB Nm npn stom mo:kho onpeflejurrb 
HSBecTHBiMH cneKTpocKoiiHHecKHMH MeTO^aMH (HanpHMcp, no norjiomeHHK) pesoHaHCHoro 
rojiyneHHa hjih ^OTOHOHHsaKHH c MeTacTa6HJiBHoro ypoBHa). 3to xajoEce mo^o cj^ejiaxb, 
HaxoAH no H3MepeHH0H BOJiBT-aMnepHoS xapaKrepHCXHKe nejiHHHHy TOKa Iq2 sJicKxpoHOB, 
oSpaayiomHxcH npn HOHHsaqHH b peaynBxaTe cxojiKHOBeHHH flByx MexacxaGHJibHfcix axoMOB, h 
Ha ocHOBaHHH ypaBHeHHH: 

V^2/(^-^-*/2-'S'-X) (11) 

TAC ka — KOHCxaHxa CKopocxH cxojncHOBHxeji&HOH HOHHsaipDS flByx Mexacxa6HJiBHBix aXOMOB. 
A6cojiK)XH£ie KOHi^eHxpaiiCHH npHMecefi: mo^o xajoce nony^Hxt, AoGasjuis b HCCJie^oreMyio 
CMecB HSBecxHyio npHMecB c saAaHHOH KOHi][eHipaipieH h cpaBHHBas HomisaipioHHBie xokh c 
HcnojiBsoBaHHCM ypaBHCHHa (10). 

Jl^ AonojiHHxejiBHofi HOHHsai^ axoMOB HJIH MOJieKyji npHMecH B njiasMe 
nocjiecBeneHHs mo^echo HcnojiBSOBaxB HefixpajiBHue nacxniiBi ox BHemnero HcxoHHHKa 15, 
HanpHMep, 4>oxohbi c onpeAejieHHofi 3HeprHeH, AocxaxoHHofi ^gia HOHHsaqHH npHMecH, ho 
HejD[ocxaxoHHott fljiH HOHHsaipDa ocHOBHoro rasa . B KanecxBe HcxoHHHKa 15 xaKHx 
HefopajiBHBix HacxHix 16 mo^echo HcnojissoBaxB jiasep hjih rasoBBiH paap^m b nnepxHOM rase. 
HsBecxHO, Hxo xaKOH pasp^ HSJiynaex, b ochobhom, pesoHancHBie ^oxohbi, cooxBexcxByiomne 
nepexo;a;aM c hh»chhx B036y:KAeHHBix ypoBHeft b ocHOBHoe cocxoHHHe axoMa HHepxHoro rasa h 
HMeiomne ^tocxaxoHHyio aHeprmo jmsi HOHHsaijiHH npHMeceft. HanpHMep, pasp^ b rejiHH 
HSJiynaex pesonaHCHBie ^oxomj c aHepraefi nop^roca 21 9B h flocxaxoHHOH 

MOHOXpOMaXHHHOCXbK). 

3xHMH 4>oxoHaMH 16 o6jiyHaK)x luiasMy nocjiecBeneHH)! h onpe^^ejiaiox ^ynKixHio 
pacnpeflejieHHH (^oxo3JieKXpOHOB F(v)^ o6pa30BaBniHxcH rqpn HOHHsaipoi npHMecett, xax 
oHHcaHo BBnne. IXpn 3xom Hsojinpyiox HOHHsai^HOHHyK) KaMepy ox ne^enaxejiBHoro nona^aHHA 
sapHKeHHBix HacxHii h3 BHemnero ncxoHHHKa 15 sa cnex ycxanoBKH Me^yiy hhmh 3JieKxpoAOB 
jsjisL yjiaBJiHBaHHH 3XHX sapji^eHHBix HacxHi][ HJIH sa cnex ycxanoBKH OKonnca, npospannoro 
xojiBKo OTfl ^oxoHOB. MesKifly HOHHsaiiHOHHoS: KaMepofi: h BHeinHHM hcxohhhkom 15 xaK^e 
Moryx 6Brrb ycxaHOBJieH£i AHa<]^parMBi ajm ^opMHpoBaHHJi noxoKa ^oxohob 16, HanpasjiHeMBix 
B sa^aHHyK) o6jiacxB HOHHsai^oHHoit KaMepBi. IIpH 3Xom HHepxHufi ras b HcxoHHHKe 15 MOSicex 
6BrrB j^pyroro BH^^a no qpaBHennio c 6y^epHBiM rasoM b HOHHsaipiOHHoii KaMepe. 

Jifls. ;](onojiHHxejiBHofi HOHHsaipra axoMOB hjih MOJieKyji npHMecefi b njiasMe 
nocjiecBeHeHHfl MO^iCHO xaK^e HcnojiBSOBaxB b KanecxBe nacxHit 16 pesoHaHCHwe fljia 
6y$epHoro rasa ^oxohbi, ecjm hcxohhhk 15 h HOHHsajo^HOHHaa Kanepa nanojineHBi oahhm xeM 

ace HHepXHBIM raSOM. IIpH 3X0M BOSpaCXaeX 3(|)(J>eKXHBHOCXI> HOHHSaElHH H XOK 

xapaKxepHCXHHecKHx sjieiopoHOB sa cnex yBejmHeHHfl othhw npoSera ^oxona b 
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HOHH3aip[OHHOH KaMcpe SjiaroAapji 3<]^$eKTy «iDieHeHHX H3JiyHeHnfl», a TaiOKe sa cner 
wnojmHTeji&HOtt HOHHsanpm npHMeceH npH cxoJiKHOBeHHJix c pe30HaHCH0-B036y^eHH£iMH 
aTOMaMH ocHOBHoro rasa. 

IIpeOTO^KeHHyK) b HsoGpexeHHH coBOKynHocxb nojiefi b HOHHsaocHOHHoii KaMepe mo^o 
TaKKe o6ecneHHTb (cm. OHr.2), pasMeman npoBOAflmyK) cexKy 17 MQiKjsy ksltojiou 5 h ano^OM 
6 H noAasan Ha cency 17 xaKoiS noTeHxxHaji, kbk h na aHOA 6, jinsi cos^^asHH 
dKBHnoreHiiHajiBHoro npocxpaHCTBa uGTKffy hhmh. Meayiy cencofi 17 h KaTo;toM 5, a xaiOKe c 
BHemHeM noBepxHocxH Kaxo^a 5 h anoAa 6 ycTaaoBJieHBi Hsojiflxopu, KOxopBie jijul npocroTBi 
HxeHHH Hepxe^ca He noKasaH&i na OHr.2. Me»y^y aHO^oM 6 h KaxoAOM 5 irpmcjiaABiBaiOT 
pasHOCTB noTenijpaajioB, npn 3tom pacnpe^^ejieHHe noreHncHajiOB b HOHH3ai][HOHHOfi KaMepe 
cooTBexcTByer KpHBo£t 18. ]3flsi HOHHsa^HH axoMOB HJiH MOJieKyn npHMeceSt b npocxpancxBO 
M&SKjsy cexKott 17 h aHO^OM 6 bboast HefixpajiBHBie nacxmpj saAannoS aneprHH, nanpHMep, 
MeracxaGHJiBHBie axoMBi mm ^oxohbi 16 ox BHemnero HcxoHHrnca 15. ripn 3xom npHHHMaiox 
MepH ffjuL xoro, hxo6h HOHHsamiH npHMecefi b npocxpancxBe Meisajsy cexKofi 17 h Kaxoja;oM 5 
6Bina MHHHMajiBHofi, x.K. npH 3XOM K 3HeprHH o6pa3yioiiterocji ajieKxpoHa 6y;[^ex AoSaBJiaxbca 
noxenixHan xoh xohkh ue:sQsy cexKofi 17 h KaxoAOM 5, r^e 3JieKxpoH oSpasoBancH, h 
pacnpejxeJieHHe 3xhx 3JieKxpoHOB no 3HeprHH Gy^ex pasMrniJM. JSflz sxoro, nanpHMep, 
HanpaBjiHKDx noxoK HeSxpajiBHiiix nacxHi^ 16 xaK, hxo6h ohh npoxoflHJiH o6nacxb ueyKjsy 
cexKOH 17 H aHo;^OM 6 h He nona^arm b o6jiacxB McyKjsy cexKoift 17 h Kaxo^OM 5. 
KoH^HiypaEtHH 3JieKxpofl;oB 5,6 h cexKH 17 MOiyr 6bixB AocxaxoHHO npoHSBOjiBHbiMH npn 
BBxnojmeHHH ycjiOBHfl (4). Offj^aKO onxHManBHBiM OTJiaexc^i Bapnanx, npn KoxopoM yKasaHHBie 
3JieKxpoABi 5,6 H cexKa 17 HMeKyr luiocKyio $opMy h pacnojio^cenbi napajuiejiBHo Apyr Apyry 
Ha paccxo^DOHH nopji^a L = npn axoM 3jieKxpoAi»i 5 h 6 oOTOBpCMeHHO Btmojmaiox pojit 
cxenoK HOHHsajoiHOHHofi KaMepw. B 3xom cjiynae sjieKxpHHecKoe nojie Meac^y cexKofi h KaxoAOM 

5 OAHOpOAHOe, a «MepXBBIH» oSbCM HOHHSar^HOHHOH KaMepBI MHHHMaJICH. IIpH 3XOM 

3JieKTpoHBi H HOHBi Hocjie HOHHsaiXHH OTioEcyxca B 3KBHnoxeHixHaJibHOM iipocTpaHcxBe ueyKjsy 
anoflOM 6 h cctkoh 17, a xaic^e b ootopootom 3JieKxpHHecKOM none Me^Kfly cexKofi 17 h 
KaxoAOM 5 anajionraHO ABHHcemMM Men^y hhockocxjimh 6 h 7 h iuiockocxhmh 7 h 5 b 
njia3MeHHOM pa3pH^^e na Oht. 1 . IlosxoMy a^ecB xaiOKe npHMenHMa $opMyjia (9) ffjisi 
Haxo»weHHH no BoxEBx-aMnepnofi xapaKxepHcxHKc KOJiHHecxBa 3JieKrpoHOB c onpe^ejieHHOH 
xapaKxepHCXHHecKOH SHeprnefi, BosHHKaion^Hx npH HOHHsai^HH axoMOB hjih MOJieKyji 
npHMecen. Epn HcnojiBsoBaHHH jsjisi HOHHsai^HH ^oxohob, KOHT^eHxpaiqaH o6Hapy»ceHHBix 
npHMeceH onpe^ejifliox no hx hsbccthbim cenenHflM ^oxoHOHHsantHH CTfp, HSMepeHHOMy noxoKy 
^oxoHOB J H OTHHe npo6era (j^oxoHOB D b npocxpancxBe Me^y^y aaoffpu 6 h cexKofi 17: 



Nd = Ied/(e ' A ' aip - J * D) 



(12) 
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a K03$$Hi^HeHT A AonoJiHHTejiBHo yMHO^aexcH Ha K03$$iniHeHT npospaHHocTH cencH 17. 
TtexeKTop xaKMce mo»cho iipOKajiH6pOBaTB, Ao6aBHB k 6y$epH0My rasy HSBecTHyio npHMecb c 
sa^aHHOH KOHi^eHTpajogaefl. 

B OTJiHHHe ox njiasMsi, r^e yKasaEEHbift tok mo»cho hsmcphtb tojibko b nocjiecBeHCHHH h 
TOJiBKO noKa JQte6aeBCKHH pa^nyc rniasMW (5) MHoro MeHtme xapaKxepHoro pasMepa 

HOHHSaiXHOHHOlK KdMepU, B AdHHOM BapHdHXe XOK MO>KHO HenpepBIBHO HSMepAXB BCe XO BpeMH, 

noKa npoHcxo;^ H0HH3aD(HH axoMOB hjih MoneKyji npHMecefi npn oGjiyneHHH HeihpajiBHBiMH 
HacxKi^aMH 16. 

TaiGKe, coFJiacHO npe^HaraeMOMy HsoSpexeHHio, mohcho ncnojiBSOBaxB ajih HOHmaiTHH 
axoMOB HJiH MOJieKyji npuMCceft 4^oxohu, pesonaHCHbie ^jm axoMOB 6y$epHoro rasa b 

HOHHSaOHOHHOH KdMepe. npH 3XOM B03paCXaeT 3^$eKXIIBHOCX& HOHHSaipiH 3a cHex yBenHHeHHfl 

^piHHBi iipo6era 4>oxoHa b HOHHsaipioHHOH KaMepe h AonojmnxeJiBHOH HOHHsai^HH npuMeceii sa 
cqex cxojiKHOBeHHft c pesonaHCHo-BosSy^eHHBiMH axoMaMH ochobhofo rasa. 

KpoMe xoro, npH HHxeHCHBHoft HOHHsaniHH npHMeceft b npocxpancxBc Mexc^y cexKott 17 
H aHOAOM 6 Mo^ex oGpasosaxBca sHaHHxejibHBm oSteMHtm sapH^ nojiomixejrbHBix hohob, hc 
ycneBaioDD[Hx peKOM6HHHpoBaxb Ha cxeHKax h sjieKxpo^ax HOHH3a^HOHHOH KaMepBi. 3xox 
oSBeMHBiH sapH^t Gy^ex napyinaxB 3KBHnoxeHn;HajiBHOcxB yKasaHHoro npocxpaacxsa h 
npHBOAHXB K HCKaaceHHHM (cABHTy H pasMBiBaHHK)) pacnpej^ejieHHH $oxo3JieKxpoHOB no 
sHeprHH. Bo Hs6eMcaHHe 3Xoro KOMUBioxep 1 1 MO^ex KOHxpojmpoBaxB xok na KaxoA 5, HanHHM 
c MOMeHxa BKjnoHeHHfl HCxoHHHKa HOHHsaiXHH 15* EcjiH 3X0X xok b xeneHHC onpeflejieHHoro 
HHxepBana BpeMeHH npeBBnnaex sa^aHHBiK npe^eji, xo npeKpamaiox HOHHsax^Hio b 
npocxpancxBC mchjeq^ cexKoiS 17 h anoAOM 6, HanpsMep, BUKJUOHaa hcxohhhk IS. 3axeM c 
noMomBK) sjieKipHHecKHx KjnoHefi npraoKmBiBaiox k aHo;iy 6 oxpHixaxejiBHHft noxenujaaji, 
aHanoiHHHHfi noxeHUHany Kaxojota 5, oxHOCHxejiBHo ccxkh 17 ao MOMCHxa y^ajienHH hohob hs 
i5)ocxpaHCXBa ueiKpy sJieKxpoAaMH. ^ajiee cHOsa bosoGhobjmiox HOHHsauHio, yMeHBimiB 
KOHXpojiHpyeMWM o6pa30M noxoK <|)oxohob ox HcxoHHHKa 15. YKasaHHBiii npe^en fljia 
KOHxpojM xoKa onpcAejMexcH KOHn;eHxpai^Hefi hohob b npocxpancxBe ueyKxsy cexKoft 17 h 
aaoAOM 6, npn Koxopofi o6BeMHBiH sapHA cosAaex saAaHHBiH ypoBCHB HCKa^aiomero 
sjieKxpHHecKoro nojiH b sxom npocxpancxBe, h MO»cex BBiHHCJiaxBCH xeopexanecKH hjih 
noA6HpaxBCH SKcnepHMenxajiBHO no BBi6paHHOMy ypoBHio HCKa^cenHfi cHrnajia ox hsbccxhoh 

npHMCCH. 

TaK^e, KaK noKasano Ha npHMepe OHr.3, b HOHHsaixnoHHod KaMepe c njiasMofi 
nocJiecBenenHH KaxoA 5 mo»cho bbihojxhhxb hs necKOJiBKHX (N) HsoJinpoBaHHBix jspyr ox ;Q>yra 
cemeHxoB 19. Hanp^^eHHe ajia sa^KHraHHH pasp^a ox HMnyjiBCHoro 6jiOKa nnxaHHH 13 
HoflaexcH Ha Ka3KABift cexMenx 19 nepes ahoabi 20 ajw xoro, hxo6bi b nocnecBeneHKH HSMepaxB 
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TOK Ha KaMOTEJda H3 CemeHTOB 19 OTACJIBHO. IIpH 3TOM Ha KBJKJSJ>J& H3 cemeHTOB 19 nOflafOT B 

nocjiecBeneHHH nHjogramcyajiBHoe sHanenne HanpH^emH, KOTopoe CKJia;u>iBaeTc« h3 sbixoOToro 
HanpH^CHHfl LtATI 12 h jtejiHrejia HanpHKCHHH Bt3 peancxopoB 21, no^cKjnoHeHHoro k 
HCTOHHHKy imxaHHH 22. HoMHHauBi pesHCTopoB 21 Moryr 6i>itb noAoSpaHBi TaKHM o6pa30M, 
hto6bi pasHOCTB noreHiptajioB Me»c;^y coceOTHMH cemeHTaMH 19 cooTBexcxBOBaJia 
BBi6paHH0My mary HSMepeHHa BOJEbx-aMnepHOH xapaicrepHCTHKH, npn 3tom HCKa^eHHH 
3JieKTpHHecKoro nojiH na rpaoHite Meacsy coceOTHMH cemeHraMH 6yjsyT MHHHManBHBiMH. Tok 
c KaTo;ia 5 BHSUBaer na HarpysoHHBix praHCTopax 23 nafleHM HanpHxceniM, KOToptie 
HSMepMiOTCH c ^OMOI^&IO, HanpHMep, HaSopa aHanoro-qH^poBEix npeoGpasoBaxejieii huh 
Ha6opa cxeM BBi6opKH-xpaHeHHH, nowJiK>HeHH£ix k MHoroKanaiiBHOMy anajioroBOMy 
MyjibXHiuicKcopy h ^anee k AJJCIl, no omspem o6pa6ax£iBaK>meMy CHrnajiBi c 3thx cxcm 
Bbi5opKH-xpaHeHH«. IIoAKjnoHeHHe k aHajioro-OK^P^^B^^iM npeoSpasoBaxejMM (hjih cxeMaM 
BBi6opKH-xpaHeHH^) Ha Oht.S noKaaano CTpejncaMH. ^o^bi 24 cjiy^Kax ffjm sanjjsrhi 
HSMepHxejiBHBix ncneSi ox HMiiyjiBCHoro HanpH^KCHHii c 6jiokel nnxaHHsc 13. BosMo^cHoe 
cMeiqeHHe BOJiBx-aMnepnoH xapaKxepHCXHKH sa cnex na/teHH« naiip^eHHH na pesHcxopax 21 
M03Kex 6BrrB 3^eH0 na ocHOBaHHH saKona OMa 6JIa^o;^apH hsbccxhoh BejnrraHe pesHCxopos 21 
H 23. 3x0 nosBOJMex nojiynnxB cpaay hcckojibko xohck na aojiBx-aivraepHoii xapaKxepHCXHKe sa 
OOTH HMiiyjiBc xoKa ox 5jioKa 13 h j^cjihhhxb cKopocxB anajmaa b Npa3, YcxanoBHB 
AocxaxoHHoe KOJiHHecxBo cemeHxoB 19 h no;taB naSop SHaneHHH Hanp^raEcenHH, 
cooxBexcxByion^HH BBi6paHHBiM ynacxKaM cneKxpa SHepnifl ajieKxpoHOB, mo:»cho npoBecxH 
ananHs npHMeceli nscsae 3a o^^hh imicji paspsusjau 

TaK»:e mo^o ycxanoBHXB b HOHHsaiiHOHHoft KaMepe iVnap Kaxo^ 5 - ano^ 6, KaK 
noKasaHo na OHr.4, Ha Ka^KWH Kaxojn 5 no;taK>x HHAHBHAyancBHoe nanp^eHHe h cHHMaiox 
HQUHBHayajiBHoe sHaneHHe xoKa b nocjiecBenenHH, a Bce anoABi 6 coe^HHsiox ^tpyr c flpyroM. 
Meay^r Kaxo^aMH 5 h anoAaMH 6, a xaKMce c BHemneft noBepXHOcxH KpaflHHx sjieKxpo^oB 
ycxanoBJieHBi HsojiaropBi, KOXopMe jsjm npocxoxBi HxeHHH Hepxeara He noKasaHBi na OHr.4. 
EcjiH Heo6xo;EpiMo j^eHBurnxB pasMepn xaKoro AexeKxopa, xo Ka3Kji^j& h3 Kaxo^oB 5 Moacex 
Sbttb BBmojmeH b BH^ce OTyx MexajuniHecKHX cjioeB c AHSJieKxpHHecKofi npoKJiawcoft Meagay 
HHMH xaK, hxo6bi KecKRhm H3 3^a3aHHBix MexajuiHHecKHX cjioeB BBmonHJin (j^yHKi^mo 
oxflejiBHoro Kaxofla c noOTJUOHeHHOH k ncMy HHAHBH^yanBHOH HSMepnxejiBHOH u^cxibjo. 

Ha Oht.S noKaaana HOHHsaoHOHHaa KaMepa, b Koxopofi Meac^y Kaxo^oM, cocxommM h3 
NccruomoB 19, h ano^oM 6 ycxanoBJiena cexKa 17 fljw anaJDHQa sneKxpoHOB, oSpasyionpixcH b 
npoMCJKyxKe Meamy anoflOM 6 h cexKOH 17 npn BOS^eHCXBHH nacxHi; ox BHenmero HCXOHHHKa 
15 (na Oht.S He noKasan) aHajioraHHO BapnaHxy jsflz oflHoli napBi Kaxo^ 5 - aHOfl 6, 
npHBe^eHHOMy na Ojsr.2. 3xo xaioKe nosBOJiaex yBeraranxB cKopocxB anajiHsa b Npas. 
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Ha OHr,6 noKasaHa HOHHsai^HOHHafl KaMepa, b KOTopoH Mexyiy 7\rnapaMH KaxoAOB 5 h 
aHO^^OB 6 ycTaHOBJieHXii cctkh 17 js^si aaajiHsa ajieicipOHOB, oGpasyionmxc^ a npoMencyrKe 
MesK^y Ka^yojMH h3 anoAOB 6 h cexoK 17 npn BosAe^icxBHH naoram ox BHenmero HCxoHHHKa 15 
(na OHr.6 He noKasaa) anajiorHHHo BapHanry msi ootoh napti Kaxo^i-aHOA na <I)iir.2. JJjvi 
yMCHBnieHHH pasMepos ^exeKTopa KaxoAti 5 Moryx xaioKe 6BrrB BbmojmeHbi b bk^o 
OT3HeKxpHKa c flBycxopoHHeft MexajuiH3HpoBaHHOH noBepxHocxBio, KaK onHcaao am Bapnanxa 
Ha Ohf. 4. 

TaioKe, KaK noKasano na OHr.7, mo^kho b KanecxBe npnMecH anajiHSHpoBaxb cocxaB 
Maxepnajia oGpasna-MHineHH 25, pacrauMeMOH noR B03AeficxBHeM AonojmHxejiBHoro 
HcxoHHHKa SHeprHH. JOflH, 3xoro B o6pa3ixe 25 ^opMHpyrox hjiocksto imjmHflpHHecKyro 
njiomaAKy 26 (nanpHMep, c noMomBio $pe3H) h ycxaHasjEHBaiox na neft Kopnyc anajiHsaxopa 
27, BEjnojmeHH^ifi us j^HsneKxpHxa 28. B Kopnyce anamisaxopa 27 ycxaHOBJien 

I^DIHHApHHeCKHH SJICKXpOA 29 C HnOCKHM XOp^OM, o6pameHHBIM K nOBCpXHOCXH HJIOmaAKH 26. 

npoxHBonojio»CHBitt xopeix 3JieKxpofla 29 noKpMx HsojiaxopoM 30, nepes KOxopBift nponymen 
HSOJmpoBaHHBift 3JieKipHHecKHfi BBOfl 31, BBixoAamnfi Hapy^ Kopnyca anajiHsaxopa 27. 
Cnapy^KH KOpnyc ananmaxopa 27, BKjnoHaji noBcpxHocxB, KOHxaKXHpyioDDonEO c njion^a^Koft 26, 
noKpBix MexajDiHHecKofi o6ojiohkoh 32. K Kopnycy ananHsaxopa 27 noAcoeAHHen pesepsyap 33 
c 6y<i)epHBiM ra30M nepes peAyKxop c KJiananoM 34. By^epHBift ras, nanpHMep, rejma hjih 
HeoH, noAaexcH noA HCKOxopBiM h36bixohhbim AaBneHHeM b Kopnyc anajiHsaxopa 27 h bbixoahx 
napy^ nepes oxBepcxHK 35 b Kopnyce anajiHsaxopa, kbk noKasano cxpemaMH. IIpH 3xom H3 
npoMeacyxKa MeacAy sneKxpOAOM 29 h noBepxHocxBK) njioiAaAKH 26 axMoc^epHBie rasBi 
BBrrecHAK)xc^ hoxokom 6y<^epHoro ra3a, HMeioiAero Heo6xoAHMyK> ajw axoro CKopocxB 
xeneHH^. 3xox noxoK 6y$epHoro ra3a xarase npenaxcxsyex o6paxHOMy nonaAaHHio 
axMOc$epHBix rasoB b yKa3aHHBifi npoMexcyxoK. 

B KanecxBe B03AeacxBHfl na oSpaseA 25 AonojiHHxejiBHoro HcxoHHraca sHepnm MO»cex 
Hcn0JiB3OBaxBCH xepMHHecKHii HaipcB noBepxHocxH o6pa3Ka, jia3epHoe oGjiyneHHe hjih, b 
KanecxBe HaH6ojiee npocxoro cnoco6a, HMnyjiBCHMS rasoBBifi pa3pjiA, b KoxopoM pojiB KaxoAa 
BBraojDMcx njioiAaAKa 26 b HccjieAyeMOM o6pa3D;e. Ha sjieKxpoA 29 npH axoM noAaexca xaKoft 
HMnyjiBc HanpraceHHa nojio^KHxejiBHoK nojiapHocxH ox SnoKa nnxaHHa 36, to)6bi hjioxhocxh 
xoKa B pa3p^e Gbdio AOcxaxoHHo ajm co3AaHHa Heo6xoAHMOH ajw AexeKrapoBanHH 
KOH^eHxpa^HH axoMOB o6pa3^a b npoMe^cynce MencAy ancKxpoAOM 29 h miomaAKOH 26. Hpn 
3XOM AHOA 24 saKpBix H saiAHmaex HSMepnxejiBHyK) ueiiB hs pesHCXopa 9, ycHJiHxejM c AIITI 10 
H UAn 12 ox HMnyjiBca HanpH^cHH^ 6jioKa 36. C 3aAep»CK0fi nocjie oKOHHaHHK HMnyjiBca xoKa 
ox 6jioKa 36, ne npeBBnnaion^eH speMeHH hchshh pacnBUieHHBDc axoMOB oxhochxcjibho 
oceAaHHH Hx Ha cxeHxax h sjieKipoAax anajiHsaxopa, na sjicKipoA 29 noAaexcH nojiOMCHxeJiBHoe 
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HanpHHceHHe ox U/JJ 12 noA ynpaBjieHHCM KOMmKyrepa 11. SamcHTHuffl otoa 24 oxKpMBaercH 

H HSMepHCTCH TOK Ha BJlGKTpOA 29 C HOMOBQ^K) pCSHCTOpa 9 H yCHJIHTeJM c AI^Tl 10. 

KoMm>K>Tep 1 1 TaioKe ynpaBjiaer HMnyjiBCHBiM 6jiokom nHxaHH^i 36 h pe^yKTopoM c KJiananoM 
34. Ilocjie BKJnoHeHHH noTOKa 6y4)epHoro rasa c noMomBio 6jiOKa mrraHHH 36 ^^aexca 

HeKOTOpOe KOJIHHeCTBO HMnyjIBCOB TOKa OHHCTKH nOBepXHOCTH luioma^^KH 26 OT 

a^cop6HpoBaHHBix aTMOC(|)epHBix ra30B h sarpaaHeHHH ox HHcxpyMCHxa npn <|>opMnpoBaHHH 
njiocKOH luioma^^KH 26, a saxeM HannHaexcH HSMepeHHe BOJDbx-aMnepHOH xapaKxepHcxmcH. 
EcjiH B cMecH, o6pa30BaBineiScK s npoMe^EcyxKe Me»yiy sjicKxpoAOM 29 h iuioiitajD[KOH 26: 

1 . 6yAyx npHcyxcxBOBaxB sapjmeHHHe nacximBi c xaicHMH KOHz^eHxpaixHe3[ h 
xeMnepaxypoft, hxo, corjiacHO (5), 7^e6aeBCKHfi pajEpcyc Sy^ex flocxaxoHHO Man. 

2. KOHiteRxpai:^ Mexacxa6HJiBHBix axoMOB 6y$epHoro rasa 6y;[^ex AocxaxoHHOH ;yiH 
Ha^esKHoro ;][exeKXHpoBaHHH ajieKxpoHOB c xapaKrepHCXHHecKog dHeprneit nocjie 
BOSAeitcxBHH ;%onoiiHBxejiBHoro HcxoHHrnca aHepmn 36, 

xo MO^o onpe^ejinxb cocxaa npHMeceS, kbk oimcaHo BiJine BapHaHxa Ha Oht.I. Ecjih 
OAHO H3 nepeHHCJieHHBDC ycjiOBHH He BHnojmeHo, xo b yKaaaHHoft CMecH mo^kho sa^e^b 
flonoJiHHxejiBHBift HMnyjiBCHBift raaoBBig paspm flJia AocxH»ceHHH sxhx ycjioBHfi. TaoEce momcho 
noABepmyxB yKaaaHHyio cmccb Bos^eHCXBHio ^oxohob hjih Mexacxa5HJiBHBix axoMOB h 
npOH3BecxH anajiHs no cxcmc c jj^yuz 3JieKxpo;i;aMH h cexKOH, oiracaHHOH BBnne. IIpH 3xom 
no^ana ananHaHpyeMofi cmcch b HOHHsatmoHHyio Kaisiepy ;ton^ECHa 6Brrb AOCxaxoHHO Gbicxpofi, 
hxo6bi sa^epMoca McyKjay npot(eccoM pacnBuienHH o6pa3^a h anauHSOM cocxaBa 
o6pa30BaBinHxcA HpHMeceft He npeBBimajia speMeHH :kh3hh axoMOB pacnBineHHBix npHMeceSi b 
6y4>epHOM rase oxHOCHxenbHo hx oceAaHHA na cxemcH. 

Ha Oht.S H3o6pa:KeHa cxeMa fljia anajmsa sjieMenxHoro cocxaBa ^KH^Koro hjih 
rasooGpasHoro oSpasi^a. IIoxok 6y<^epHoro rasa, Ksaa npaenno, nnepxHoro rasa, hs pesepByapa 
33 Hepes pej^yKxop c KJiananoM 34 nocxynaex b CMecHxejiBHBifi yseji 37, r^e cMemHBaexcs c 
noxoKOM anajiHSHpyeMoro oSpasi^a, hoaboa Koxoporo noKasan cxpejncoH. J^anee^ kbk noKasano 
nyHKXHpHBiMH CTpejHcaMH, noxoK CMecH ^OJ[^aIox no och KaxyniKH renepaxopa HH;[^yKXHBHo- 
CB^aHHoM (ICP) njiasMBi HSBecxHofi KOHcxpyKEpHH, BHXBCH 38 3xott KaxymKH noKasaHBi Ha 
paspese. IIoxok 6y4)epHoro rasa hs CMecHxejiBHoro ysjia 37 Aojmen hmcxb cKopocxB, 
flocxaxoHHjTO jum xoro, hxoSbi npeiujxcxBOBaxt nona;3;aHmo axMOc4)epHoro rasa b npHoccByio 
o6jiacxB KaxymKH. Fenepaxop HHjE^yKXHBHO-CBKsaHHOH njiasMBi cos^aex BHyxpH bhxkob 
KaxymKH 38 BBicoKonacxoxKBiH paspw xaKofi MomnocxH, hxo 6y4>epHBifi ras b npnoceBOH 
o6jiacxH npHo6pexaex xeMnepaxypy b necKOJiBKo xhcot rpa;[(ycoB h o6ecneHHBaex 
xepMOTtecKoe pasjiOHcenne MOJieKyji oSpasi^a na cocxaBJiflOEonxHe axoMBi. 3oHa bhcokoII 
xeMnepaxypM noKasana KOHxypoM 39 Ha Onr.S. JD[ajiBme b noxoKe pasMenj^aiox, no iqpateeft 
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Mepe, offjay napy KaroA 5 — hhoa 6 h no^pusoHaiOT k cHcrcMe perncxpaiJuaH, anajiorKHHod 
npHBefleHHWM Ha Oht. 1,3,4, h hc noKasaHHoS na Oht.S. Bmccto axoro xaKHce MO^er fitrrb 
ycxaHOBJiena napa sjieKipo^oB 5,6 c cctkoh ueyKjsy hhmh no cxene, aHajioraHHOH cxeiviaM na 
OHr.2,5,6. PaccTOJume Me^Eg[^y sohoh 39 h ajieiapoAaMH 5,6 BBiSHpaexcH xaKHM oSpasoM, 
hxoSbi, c ootoh cxopoHH, xcMHepaxypa noxoKa b pafione 3JieKxpoflOB y^e ^ocxaxoHHO 
CHH3BLiiaci> BO H36e3KaHHe Hx paspymeHEw, a, c z^pyrofi cxopoHBi, hxo6bi axoMti oSpasi^a eme He 
ycnejiH peKOM6HHHpoBaxb b MoneKyjiBi. SjieKxpo^w BBmojiHHiox h3 XHMHHecKH HHepxHoro 
Mexajuia, cnoco6Horo BBmep^sKHsaxB AOcxaxoHHo BBicoKyio xeMnepaxypy. BnenmHe 
noBepxHocxH 3JieKTpo;iOB h nopfiojsfnn^c npoBOAa saniHn^aKxr c noMonvbio KepaMHHecKHx 
HsoJiflxopoB 40. HsMepeHHe BOJiBx-aMnepHofi xapaKxepncxHKH h onpeAeJieHHe cocxaBa o6pa3ixa 
nocjie axoMHsaipm npoH3BOA^ corjiacHO o^HOMy ns onncaHHBix BBnne BapHanxoB c 
noxcHeHHSMH Ha <E>Hr.l-6. KpoMe xoro, BBicoKOHacxoxHHft paspn^ Mo^ex BBiSBiBaxB 
3JieKxpoMarHHXHBie noMexH jijssi pa6oxBi cxeM perncxpaixHH BOJiBx-a^mepHoS xapaKxepncxHKH, 
no3XOMy AJiH ycxpaneHHe noMex mokcho HcnojibsoBaxB HMnyjibCHO-nepHOAHHecKHH pe^HM 
paSoxBi renepaxopa HHAyKXHBHO-CBaaaHHOfi njiasMM h HSMepenne xoKa na ancKxpoAM 5,6 b 
npoMe}KyxKax u^m^y HMnyjiBcaMH renepaxopa. 

Ha OHr.9 HSoSpajKena cxeMa jsflsi ^oxoHOHHsai^HOHHoro anajmsa cocxaBa raaoBBix 
npHMecett b axMoc^epnoM BosAyxe c noMomBio rasopaap^AHoro HcxoHHrnca 
yjiBxpa^HOJiexoBoro H3JiyHeHHH. Fasopasp^AHa^ KaMepa HCXOHHHKa HSJiyHemiH cocxohx h3 
OKHa i][HJiHHZQ)HHecKo:K ^opMfii 41, npospaHHoro b oSjiacxH BaKyyMHoro yjiBxpa$ojiexa (ByO), 
HanpHMcp, BnnoxB ao sHepraH ^oxohob 1 1,6 sB. B KanecxBe MaxepHajia OKHa M0»cex 
HcnoJiBSOBaxBCH, HanpHMcp, LiF. HMHyjiBCHiiiH HJm nocxoHHHuft paspjsA sasKHxaexcH Me:»cAy 
napajuiejiBHBiMH hjiockhmh r^Hjm^ApHHecKHMH 3JieKxpoAaMH 42 h 43. B rasopasp^iAHoS KaMCpe 
HaxoAHXcH Hjm noAaexcH nyxcM npOKaqicH, Kax noKasano cxpejncaMH, HHepxHBifi ras, HanpHMcp 
At, Hjm CMecB Ar c He. HpoKaHKa MO^ex HcnonBsoBaxBCji j^ui cxa6HJiBHocxH cocxaBa paGonen 
CMecH paspflAa h oxBOAa Hsjmmnero xenjia. Ycjiobhh paspHAa BBidnpaicxcH xajKHM o6pa30M, 
hxo6bi axoMBi HHepxHoro rasa HSJiy^ianH ^peHMy^^ecxBeHHO pesonancHBie ^oxohbi c dHepmen 
nopKAKa 1 1,6 3B H AocxaxoHHo ManoH nrapHHOft jihuuh. ^taBneHHe b pasp^wHofi KaMepe M0»cex 
6BrrB B AHanasone ox 10 Ha ao axMOc^epnoro, npn bbicokom AaBJicHHH AoSaBjienne He b 
KanecxBe 6y$epHoro rasa nosBOJiaex yMCHBrnnxB CKopocxB o6pa30BamM SKCHMepHBix MOJiCKyji 
Ar, KOxopBie Hsnynaiox b Aocxaxonno mnpoKOfi nojioce BVO h yxyAinaiox 
MOHOxpoMaxHHHOcxB 4>oxoHOHH3HpyionxeH paAHajopHH. HanpHXceHHe ropennn paspwa Mo^cex 
dBTTB nop^WKa 300-500 B, xok b pafione 100 mA, paccxonnne MeacAy sneKxpoAaMH xaK^e 
MOHcex BBi6HpaxBCA H3 ycjioBHH (4), b 3X0M cjijHiae pasp^ui cxa6HJieH npn AaBJieHH^ BnjioxB ao 

c 

axMOC^epnoro. Bjiok nHxanna rasopasp^AHoro HcxoHnmca 13 pa6oxaex b nocxoHHHOM hjih 

SAMEHJUOn^Hfi jmCT (ECPABBJIO 26) 



wo 2004/036206 




CT/RU2003/000454 



23 



HMnyjiBCHOM pe:KHMe ffjiR oSecneHeHHH oxBO^^a Temia h yMeHBmeHHfl jsjosm BosSyHCAeHHiax 
aTOMOB Ar, npeBpan^aioicpaxcH b 3KCHMepHHe MOJieKyjiBi, noA ynpaBJieHHCM KOMn&ioTepa 1 1 . 
SneprHH pesoHancHBix ^otohob Ar flocraTOHHo fljw HOHHsactHH MHorHX MOJieKyji, Koxopbie 



HTo6i»i HOHHSOBaxb ocHOBHMe cocTasjiHiomHe axMoc^epHoro Bosj^yxa - MoneKyjiti O2 h N2 , 

n03T0My TOK $OT03JieKTpOH0B 6yff,eT B OCHOBHOM OUpe^ejIOTBCH HOHHSaimefi npHMecefl, HTO 

yBejmHHBaex Hj^cxBHrejiBHOCTB. B npeOTaraeMOM ycxpoflcxBe jihhhh HSJiyHCHHK Ar c 
SHepnieft, npesHinaiomeH 1 1,6 sB, norjiomaioTCH okhom, a jihhhh c aHepnaeH, MeHBme 1 1,6 
3B, HO flocxaxoTOOfl win ^oTonoHBsanjm MOJieKyn, b cneKipe Ar oxcyrcByioT, no3TOMy 
yKasaHHoe ^OTOHOHHsnpyioiitee HSJiyneHHe oGjia^aer Heo6xoAHMOH MOHOxpoMaTHHHOCTBio. 
TaioKe BosMoiKHO HcnojiBSOBaHHe pasp^a b Apyrnx HHepxBBix rasax h hx cmcchx ajisl 
noJiyneHHH HSJiyneHHfl npeHMyn^ecxBeHHO pesonaHCHBix ^otohob b o6jiacTH BYO c pasjiHHHOH 
3HeprHeH, nanpHMep, hhcteih neoH (ppa HcnonbsoBanHH OKHa, npospaHHoro k pesoHancHOMy 
H3Ji3^eHHK) Ne) hjih KpninoH, hjih 3th rasu b CMecH c He. IIotok pesoHancHbix (]^otohob hs 
o6jiacTH 44, r^e ropHx pasp^ nepes okho 41 nona;iaeT b npocxpaHCTBO UQJKffy SHop^ou 45 h 
ceiKott 46, HMeioiUHMH 4>opMy Koner^ h pacnojio^cenHbiMH KoaxcHajiBHo c rasopaspHOToft 
KaMepofi. Ahoj5 45 h cenca 46 napajiJiejiBHLi jspyr ffpyry h 3JieKTpHHecKH coeAHHCHBi Me^K^y 
C060H jsjm cosflaHH^ SKBHnoxeHi^HajiBHoro npocxpaHcxBa. TpaeKxopHH 47 (]^oxohob (noKasaHBi 
cxpejiKaMH) b o6jiacxH Me^y aHO^OM 45 h cexKOH 46 orpaHHHeHti KOJiti^esKDviH 
OT3JieKxpHHecKHMH ^Ha^paTMaMH 48, 3a CHex 3xoro 4>oxohbi hc nona^aiox na noBepxHocxB 
3JieKxpoAOB 45 H 46 H ne BBisMBaiox He^KejiaxejibHBiH $oxoxok c hhx. Me^K^y 3JieKxpoflaMH 45 
H 46 npoHcxoflHx 4>oxoHOHH3ai][HH npHMecHHX MOjicKyji B B03;5yxe, npH 3xom $oxo3neKxpoH&i 
OT$$yHAHpyiox B npocipaHCTBe MCMCfly anoj^OM 45 h cexKoft 46, a nacxB hs hhx nona^aex b 
npocxpaHcxBO MexyQ^ cexKofi 46 h Kaxo^OM 49, r^e npoHcxo^HX hx anajina no 3HeprHH b 
3JieKxpHHecK0M nojie, KaK onncano BBnne npHMennxejiBHO k OHr.2. Tok $oxo3JieKxpOHOB na 
KaxoA 49 HSMepjiexcK c ^oMo^^»Io pesHcxopa 9 h AUII 10 uoff, ynpaBJieHHCM KOMHBKyrepa 1 1 . 
CxanHpoBaHHe HanpraceHHH Me»yiy Kaxo^oM 49 h cexKoift 46 npOHSBOAHXCH c noMoiqBio UAH 
12. PaccxoaHHe Me^my 3JieKxpo;JxaMH 45, 46 h 49 BHGnpaioxcH xaKHM oSpasoM, hxo6h noxepn 
3HeprHH 3neKxpoHaMH irpn cxojncHOBeHHflx c MOJieKyjiaMH B03;^yxa ao hx rnSejiH na ynasanHBix 
sjieKxpo^ax ne npeBBimajiH saaaHHoro ypoBHH, nanpHMep na ocHosanHH ycjioBHfl (4). JSflsi 
Bos^iyxa npH axMoc(J)epHOM ;^aBneHHH paccxoHHHe Me^K^y yKasaHHBiMH 3JieKxpoAaMH MOHcex 
cocxaBJMXB nopHflKa 0,1 mm. 



IlpefljiaraeMoe HsoSpexeHHe mojkcx HcnoJiBSOBaxBca ajm aHamoa ;^ocxaxoHHO 
npoHSBOJiBHOH cMecH xasoB, nanpHMep, Ao6aBjim b nee no^^xoAHntnii hhcxbih 6y<j^epH£ii& ras jio 



Heo6xoflHMo flexeKXHpoBaxB b axMoc^epnoM Bos^yxe b KanecxBe npHMeceft, ho He^ocxaxoHHo, 



IIpoMBimjieHHafl npnMeHHMOcxb 
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xex nop, noKa HcxoAHyio CMecB mo»cho Sy^er paccMaTpHBanb y^e kbk npHMecB k 
Ao6aBJieHHOMy 6y$epHOMy rasy, a xaic^e ffflSL aHanHsa rasoBBix cMeceSi, o6pa3yK)ii^C5i npH 
onpeAejieHHH cocTasa TeepAMX xeji h xcEWKOcreii. JJflK ocymecTBJieHHH HsoSpexeHHH 
HcnoJiBsyioTCH HSBCCTHBie H onHcaHHBie B jrareparype sneKrpoHHBie sjieMeHTu 
(MHKponpoi^eccopBi, Alin, I^AIl), ycxpoHCXBa ajih nanycKa rasoB, a tbjokc MaxepHanobi oth 
HsroTOBJieHiM sjieKxpoAOB H flexajiefi AexeKTopa. 
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OopMyjia HsoSpereHHfl 



1. Cnoco6 aaajmaa npHMeced b ochobhom rase, 3aKJiK)HaK>n][BdgcH b tom, hto HOHHSHpyioT 
axoMBi H3IH MOJieKyjiBi npHMecefi npn crojncHOBeHiMX c HaciKqajvcH onpeAejieHHofi sneprHH b 
HOHHsaioiOHHofi KaMCpe H HSMepjuoT TOK Ha OOTH H3, HO KpaHHefl Mepe, ffsyx SJieKXpOWB, 
Haxo^tHupDccH B yKasaHHofl KaMepe, b aasHCHMOCTH ox npHJio^eHHoro MGTKffy sjieicrpo^^aMH 
HanpajKCHHH, OTjmHaionmHCH xeM, htd AasjieHHe ocHOBHoro rasa h npocipaHCTBeHHyio 

KOH^JHTypaHHIO HOHHSai^HOHHOH KaMCpH BBl6HpaK)T XaK, HTOSbI paCCTOHHHe OT Jno60H TOHKH 
BHyipH HOHHSaiXHOHHOH KaMCpH flO 6jIH3KaHineft CXeHKH BOTH Ofl^OTO H3 yKasaHHHX SJieKTpOAOB 

6hjio MeHBme cpe^HeS ^susbm nepeMem^eHHH dJieicipoHOB ao MOMeara noxepn saAaHHofi ;^ojih 
KHHeiHHecKOH 9Hepnm, oGecneHHBaiOT 3KBHnoTeHi^aji&HOCTi» toh o6jiacTH npocxpaHCTBa 

HOHH3aip[OHHOfi KaMCpBI, TJ^e npOHCXO^flT nOHH3HpyK>II][He CTOJnCHOBeHHA, no SaBHCHMOCTH 

TOKa OT npHJioaceHHoro MexcAy aJieicrpojDcaMH nanpjiaceHHa onpeACJiaiOT KOJiHHecTBO 

SJieKTpOHOB C XapaKTepHCTIiHeCKHMH SHaHCHHflMH 3HepniH, BOSHHKaiOIipK npH HOHHSaOHH 

yKasaHHHX axoMOB HJm MOJieKyji, cyaax o cocxaBe npHMecefl no napaMCxpaM 3xhx aneKxpoHOB. 

2. Cnoco6 no n.l, oxjranaionpiKcH xeM, hxo b KanecxBe ocnoBHoro rasa Hcnojibsyiox 
HHepxHBitt ras. 

3. Cnoco6 no n.2, oxjnraaEonxHHCii tcm, hto b KanecxBc ocnoBHoro rasa Hcnojitsyiox reniiH. 

4. Cnoco6 no n.n.1-3, oxjinnatonpiftc^ xcm, hto HcnonBsyiox ochobhoh ras npn AaBJieHHH ox 
10 flo 10^ riaHBBnne. 

5. Cnoco6 no n.n.1-4, oxjin^aionpiHCH xeM, hxo npnjio^KeHHoe Hanpa^ceHHe ueyKffy 
yKasaHHBiMH 3jieKxpoAaMH hsmch^iox b OTtanasoHe ox 0 flo nopora HOHKsai^HH ochobhofo rasa, 
a KOJiHHecxBo 3JieKxpoHOB c xapaKxepHcxHHecKHMH sHaneHHAMH 3HeprHH onpefSfimoQT no 
Bxopofi npoH3Bo;pioi% saBHCHMOcxH xoKa ox npnjioKeHHoro HanpiCKeHHH. 

6. Cnoco6 no n,n,l-5, oxjinnaionipa^tcH xcm, hxo jjjui cosAaHna 3KBHnoxeHixnajn»HocxH 
yKasaHHofi o6jiacxH npocxpancxBa HOHHsauiHOHHofl KaMepbi HcnonBsyKrr HMnyjttCHBift 
HcxoHHHK 3HeprHH ffflsi o6pa30BaHH5i B HOHHsaioioHHoft KaMepe njiasMH nocjiecBeHeHHH, axoMH 
HjiH MOJieKyjiM npHMeceit noHHsnpyiox b nnasMe nocjiecBeneHHS npn cxojncHOBeHHHX c 
MexacxaGHHBHBiMH axoMaMH nnn MOJieKynaMH ochobhoxo rasa, o6pasyion](HMHCH npn 
BOSAeftcxBHH yKasaHHoro HMnyjn>cHoro HCxoHHHKa sHepmn, yKasaHHBm xok HSMepniox c 
sa^ep^ofi nocjie B03;^eftcxBHa yxasaHHoro HMnyjn,CHoro ncxoHHHKa sneprHH, npn 3xom 
o6ecneHHBaK)x xanyio KOHneHxpaipno h xeivinepaxypy sapa^enHBix Hacxmi b yKasaHHoft njiasMe 
nocjiecBeHeHHH b momchx HSMepennH, hxo ^eSaeBCKHH pa^Hyc mhoxo MeHBme xapaKxepHBix 

paSMepOB HOHHSaaHOHHOH KaMepBi. 

7. Cnoco6 no n.6, oxJIHHa^o^^HHc« xeM, hxo b KanecxBe yKasannoro HMnyjttCHoro HcxoHHHKa 
SHeprHH Hcnojn>syK>x HMnyjiBCHBifi rasoBBifi paspjiA MesKfly yKasaHHBiMH sjieiapoflaMH. 
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8. Cnoco6 no n.6, (yrms^asom^csi tcm, hto b KanecxBe yKasaHHoro HMnyjiBCHoro HcxoHHHKa 
anepran HcnojiBayiOT HMnyjiBCHoe jiasepHoe H3Jiyq[eHHe, cosjueaomjoe miasMy Me»cAy 
yKasaHHBiMH 3JieKTpo;^aMH. 

9. CnocoS no n.n.6-8, OTJnrqaEonpmcK xeM, hto noHHSnpyiOT axoMU hjih MOJieKyjn>i npHMecefi 
npn o6jiyHeHHH njiasMti nocjiecBeHemiH ^oxonaMH saAaHHon sneprHH ox nnemHero 

HCXOHHHKa. 

10. CnocoS no n.9, oxjinnaiontHHca xeM, hxo noHHsnpyiox axoMBi hjih MOJiCKyjiw npHMCceS npH 
oSjiyneKHH 4>oxoHaMH, pesonaHCHBiMH pflsi axoMOB hjih MOJieKyji ochobhofo rasa. 

11. CnocoS no n.n.l-lO, oxjiHqaK)n:(Hfic^ xeM, hxo HcnojibsyKyr yxasaHHiiie ^JIeKxpo;^J nnocKoii 
4>opMBi, pacnojio^eHHLie napajmejiBHO ^^pyr ^pyry h OAHOBpeMenno BBniojiHHK>n](He poJiB 
cxeHOK HOHH3ai]CHOHHoS[ KaMepu. 

12. Cnoco6 no n.n.1-11, oxjmnaiomHficH xeM, hxo b nonnsaiXHOHHOH KaMepe ycxaHaBJiHBaiox N 
HsojmpoBaHHBix KaxoAOB, na KayKja^ hs KoxopBix no^aiox HH^HBm^yan&Hoe SHaHenne 
Hanps^eHHa oxHOCHxeji&HO oja[Horo hjih necKOJiBKHx ano^OB, HSMep^rox xok na KayKjj^ hs 
yKasaHHBDc N Kaxo^oB, no coBoicynHocxH HSMepeHHBK SHanenHft xoKa naxoA^x kojikhccxbo 
SJicKxpoHOB c xapaicrepHcxHHecKHMH sHaneHHKMH sneprHH, BosHmcatomnx npn HOHHsanjm 
yKasaHHBDc axoMOB hjih MOJieKyn npHMecen. 

13. Cnoco6 no n.n.1-5, oxJiHHaionxHHCfl xcm, hxo pasMcmaiox iipobootiiqto cexKy UQyK^y 
yKasaHHBiMH sjieKxpo^aMH h sjicKxpHHecKH coe^HHHiox ee c anoAOM co3;^aHHJ3L 
SKBHnoxeHioiajiBHoro npocxpancxBa uesK^y hhmh, HonnsHpyiox axoMBi hjih MOJicKyji&i 
npHMeceii npn oSjiynennn npocxpancxBa Me^yxy cexKOH h ano^oM HeftxpajibHBiMH Hacxnu^aism 
sa^aHHoft SHepxHH ox BHemHero HcxoHHHKa. 

14. Cnoco6 no n.l3, oxjmHaK>iixH£tcH xcm, hxo HcnojiBsyiox yKasamniie sjieKxpo^pj h cexKy 
iDiocKoft ^opMBi H pacHOJiaraiox hx napajuiejiBHO jspyr ffpyry, npH sxom yKasaHHBie sjieKxpo^Bi 
OAHOBpeMeHHo Hcnojibsyiox b KanecxBe cxenoK HOHHsaipioHHoii KaMepu. 

15. Cnoco6 no n.n.13-14, oxjmnaioinpadScH xcm, hxo HOHHsnpyiox axoMsi hjih MOJieKyjiBi 
npHMeceii npn oGjiynennn ^oxonaMH, pesoHancHBiMH fljia axoMOB ochobhoxo rasa. 

16. CnocoG no n.n.13-15, oxJiHHaionpificH xeM, hxo KonxpojiHpyiox sap^m, nonaBmnfi na Kaxo^i;, 
npH npeBHmeHHH sa^aHHoro SHanenHH sxoro aapa^a BbnuiioHaiox yjcasaHHtm BHemHHH 
HcxoHHHK H iipHKjia^iBaiox sjicKxpHHccKoe nojie ;i;o MOMCHxa y^^ancHH^ sapiOEcenHBix nacxHi^ 
H3 npocxpaHcxBa Me^yiy sjieKxpOAaMH, a saxcM cHosa BionoHaiox BHenmHH hcxohhhk h 
HSMepCHHe xoKa. 

17. Cnoco6 no n,n.l3-16, oxjinnaiomniicH xeM, hxo b HOHHsai^OHHOH KaMepe ycxanaBJiHBaiox 

N HSOJIHpOBaHHKK KaXOflOB, Ha Ka^yi^Blfi HS KOXOpBIX HO^^aiOX HHAHBHAyaJIBHOe SHaneHHe 

Hanp^eHHH oxHocHxejiBHO OAHoro hjih necKOJiBKHx ano^OB h cooxsexcxByiomHx ojmoU hjih 
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HecKOJiBKHx ceroK, H3MepKK)T HE^HBH^yaJObHO TOK HE Kscsmf>j& H3 yKasaHHBix N KaTOAOB, no 
coBOKynHocTH H3MepeHHBix sHaHCHErift TOKa HaxoAHT KOJEHHecTBO snempoHOB c 

XapaKXepHCTHHeCKHMH 3HaHeHHHMH 3HeprHH, BOSHHKaiOmHX npH HOHHSaO^aH yKaSBHHBIX 

axoMOB Hjm MOJieKyji npHMeceft. 

18. Cnoco5 no n.n.1-17, OTJiKraaiomHHCfl xeM, hto b KanecxBe npHMecH anajrasHpyioT cocxas 
MaxepHana MraneHH, pacntinaeMOH BOSfleHCxsHeM AonojiHHxejiBHoro HcxoHHHKa sneprHH, npH 
3X0M oSecneHHBaKyr nocxynjieHHe npHMecH b HOHHsaonoHHyio KaMepy b cmcch c ochobhbim 
rasoM. 

19. CnocoS no n.l8, oxjiBHaionpoEtcH xcm, ^o ncnojiBsyiox yKasaHHyio MHmeHB b KanecxBe 
KaxoAa, pacnBiii5ieMoro npeABapuxeiEBHUM njiasMeHHBiM pasp^moM, sa^EcnraeMBiM c ^OMon^>K) 
yKasaHHoro AonommxejiBHoro ncxoHHMKa 3HeprHH. 

20. Cnoco6 no n.n.1-19, oxjm^aion^CH xcm, ^o MoneKyjiH npHMeceH npej^apnxejiBHO 
noABepraiox ;]pB[ccoixnai](HH na axoMM b AonommxejiBHOM luiasMeHHOM paspji^e h npoH3Bo;i;HT 
anamis axoMapnoro cocxaBa npHMeceH. 

21. HoHH3ai^OHHBi£t ^lexeKxop cocxasa npHMecen b ochobhom rase, BKmonaioni^fit 
HanojmeHHyio yKasaHHtiMH raaaMH HOHHsai^HOHHyio Kawepy no KpaflHCH Mepe, ffByu^ 

SJieKXpO^aMH, HCXOHHHK SHCprHH, C03;^aK)^^Hi^ HaCXHI^BI C Sa^aHHOH 3HeprHeH JJJlSi HOHH3ai^HH 

axoMOB Hjm MOJieKyji npHMCCH, HSMepHxejiBnyio CHCxeMy, noAKJnoHCHHyio k OOTOMy h3 
dJieiopoAOB perHCxpaiom xoKa b saBHCHMocxH ox Hanpn^eHHH, npHjioKeHHoro Me^gocy 
3JieKTpo;[iaMH, OTsmwom^csL xeM, hxo AaBJienne ochobhofo rasa h npocxpaHCXBenHaH 
KOH^HTypaqHH HOHHsaqnoHHoS KaMCp&i BBi6paHM xaK, hxoGu paccxo^He ox jno6oH xohkh 
BHyxpH HOHHsaiQBtOHHofiE KaMepM jip 6jni^aiinied cxenKH Hjm o^Horo h3 yKasanHBix 3JieKxpoAOB 
6huio MeHBme cpe^Heii ;vihhbi nepeMen^enHK ajieKipoHOB jsp MOMenxa noxepn saj^annoH flpjm 
KHHexHHecKOH 3HeprHH, o6ecneHeHa 3KBHnoxeHipiajn>Hocx& BceM o6jiacxH HOHHsamioHHoft 
KaMepBi, r^e npoHcxoAHX KOBBsanmsi npHMecefi, a HSMepHxejiBHaH cHCxeMa BBmojmena c 

B03M0»CH0CXBK) OIipeAeJieHHH KOJIHHeCXBa 3JieKXpOHOB C XapaKXepHCXH^eCKHMH SHaneHHflMH 

3HeprHH, BOSHHKaionaix npH HOHHsaimH yKasaHHBix npHMecefi. 

22. HoHHsaicHOHHBift flereKXOp no n.21, oxjinnaiomHiiCH xeM, hxo b Kanecxse ochobhoxo rasa 
Hcnomsyexcx HnepxHBi^ ras. 

23. HoHHsauHOHHBift AexeKxop no n.22, dxjiHHaioni;HHca xcm, hxo b KanecxBe ochobhofo rasa 
HcnoJiBsyexcH renHft. 

24. HoHHsauHOHHBm AexeKXOp no n.n.21-23, oxjiHHaronxHftcH xeM, hxo AaBJienne ochobhoxo 
rasa cocxaBJMex ox 10 flo 10^ Ila h BBnne. 

25. HoHHsaiXHOHHBiit AexcKXop no n.n.21-24, oxjinnaionQaStcH xeM, npHJio^ccHHoe Hanp^cKenne 
Me^ciny yKasaHHBiMH 3JieKTpoAaMH HSMCHHexcH b AHanasone ox 0 ao nopora HOHHsannn 
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ocHOBHoro rasa, a yKasaHHaa KSMepHxejibHax CHcreMa BBmojiHeHa c bosmo^octbk) 
onpeAejieHHH BxopoH npoHSBO^HoS sasHCHMocTH TOKa OT npujio^KeHHoro naxrpsm&szsi jsflsi 
onpeaejieHBUi KOJiHHecTBa sjieicrpoHOB c xapaicrepHCTHHecKHMH 3HaHeHH)iMH sneprHH. 

26. HoHHsaixHOHHbm ^lexeicTop no n.n.21-255 oxJiHHaiomHHCK tcm, hto b KanecxBe yKasaHHoro 
HCTOHHHKa SHepFHH ycxaHOBncH HMnyjiBCHLiii reaepaTop njiasMu nocnecBCHeHHa b 
HOHHsaipiOHHOH KaMcpe, HSMepHxejiBHaH CHCxeMa BBmojmeHa c bo3MO}khocxbio HSMepeHHH 
yxasaHHoro xoKa c saAep^oH nocjie BosAeHCXBua yKasaHHoro HMnyjibCHOFO reaepaxopa 
iDiasMH, npH 3X0M reHepaxop nnasMBi cos^aex KOHixenxpaccHio Mexacxa6HJii>HBix axoMOB 
ocHOBHoro rasa, ;^ocxaxoHHyIO jajiz perncxpaiiHH aneKxpoHOB c xapaKxepHCXHHecKHMH 
SHaHCHKHMH 3HepniH, o6pa3yK)I^HxcA npH HOHHsamiH iipHMece:B[ yKasaHHBiMH 
MexacxaSHJiBHBiMH axoMaMH, a xaK^e xaKyio KOHi^eHxpaixHio h xeMnepaxypy sapn^eHHBix 
HacxHa B yKasaHHoSt nnasMe nocjiecBeHeHHK, hxo k MOMCHxy HSMepeHHH xoKa ^eSaeBCKHfi 
pa^Hyc Bce eme MHoro MeHBine xapaKxepmix pasMepoB HOHHsaiptoHHOfi KaMepBi. 

27. HoHHsaimoHHBrii AexeKxop no n»26, orrmsymom^csL xcm, hxo yKasaHHBiH hcxohhhk 
3HeprHH o6ecneHHBaex sa^cHraHHe HMnyjiBCHoro rasoBoro paspji^na Meyscjsy yKasaHHBiMH 
^JIeKxpo;^aMH. 

28. HoHHsaixHOHHBiH ^^excKxop no n.26, oxjranaionpiHM xeM, hxo b Kanecxse yKasaHHoro 
HcxoHHHKa sneprHH ycxanoBJien HMnyjiBCHBiH Jiasep, cosflaiomHH njiasMy Me^K^y yKasaHHBiMH 

3JieKXpOAaMH. 

29. HoHHsarcHOHHBitt AereKXop no n.n.26-28, oxjinnaionpEficfl xcm, hxo j^ui HOHWsaTXHH axoMOB 
HJm MOJieKyji npHMeceii b nnasMe nocjiecBeneHHs ycxanoBJieH AonojmnxejiBHBig BHenmnfi 

HCXOHHHK ^OXOHOB Sa^aHHOft SHCprHH. 

30. HoHH3a3^HOHH£JH AexcKxop no n.29, oxjiHHaK)npiHCH xeM, hxo b KanecxBC yKasannoro 
AonojiHHxejiBHoro BHenmero HcxoHHHKa ycxanoBJien hcxohhhk 4>oxohob, pesoHaHCHBix jum 
axoMOB HJiH MOJieKyn ochobhoxo rasa. 

31. HoHHsaiiHonHBifi ^exeKxop no n.n.21-30, oxjoxnaionpific^ xeM, hxo yKasaHHBie ajieKxpoA^i 
BBHiojiHeHBi miocKofi: $opMBi, pacnono^cHBi napajuiejiBHO ^pyr ^^yry h BBinojiHJuox pojiB 
cxenoK HOHHsaimoHHoM KaMepBi. 

32. HoHHsanHOHHBiH ;a;exeKxop no n.n.21-31, oxjiHHaionpiHc^ xeM, hxo b HOHHsaiXHOHHoS 
KaMepe ycxanaBJieno N HSOjmpoBaHHBix KaxoflOB,. na KsaK^hm hs Koxoptix no^aHo 
HHAHBHflyancbHoe sHaneHHe nanpa^cenHK oxHOCHxejiBHo e^^e o^Horo hjih HecKOJibKHx o6mHx 
aHOAOB, yKasaHHan H3MepHxejn>Haa cHCxeMa Bfcraojraena c bosmo^ocxbio HHAHBHAyajn>Horo 
HSMepeHHH xoKa Ha Ka^gxi^ hs yKasaHHBix N Kaxo^OB b sasHCHMocxn ox noAannoro 
HanpiCsceHHJi. 
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33. HoHHsaiXHOHHufi ^^ereKTop no n.n,21-25, oTnsmsomys&CK tcm, hto u&iKffy yKasaHHBiMH 
ajieKipoASMH pasMemena npoBo^^^ cexKa, aneicrpHHecKH coe^qaHeHHan c aHo^oM jijik 
co3AaHHa aKSHnoTemptajiBHoro npocTpancTBa ueTKffy hhmh, a xajme ycxaHOBJien BHennmH 

HCTOHHHK HefixpaJIbHHX HaCnBCD^ SajOtaHHOH 3HeprHH TaK, HTOSh aXOMBI HJIH MOJieKyJIBI 

npHMecefi HOHHsoBajiHCB npH o6jiyqeHHH npocTpaHcxBa Me^cay cexKofi h anoj^oM. 

34. HoHHsanHOHHBifi AereKTop no n.33, OTjranaiomHHCK tcm, hto yKasaHHBie sjieiopoABi h 
cexKa BBmojraeHBi hjiockoh ^opMBi h pacnojio3KeHbi napajiJiejiBHo ffpyr flpyry, a yKasaHmie 

3JieKTpO^(bI AOnOJIHHTeJIBHO BI>niOJIHKK>T pOJIE CTCHOK HOHH3aiXHOHHOH KaMepH. 

35. HoHHsaijCHOHHBiH flexeicTop no n.n.33-34, OTJinnaion^CH tcm, hto yKasaHHBig BHenumH 
HCTOHHHK HSJiyHacT ^OTOHiki, pesoHaHCHHe fljia aTOMOB HJIH MOJieKyji ocHOBHoro rasa. 

36. HoHH3ai](HOHHBift fffirveKtop no n.n.33-35, OTJinnaionpaScH tcm, hto yKasannaa 
HSMepHTejiBHafl cHcreMa BBmoJineHa c bosmo^octlk) KOHipojis TOKa na KaTO^, a npH 
irpeBBimeHHH saflaHHoro SHanenHH otofo TOKa b j^ereKTope HSMepHTejiBHaii cHcreMa 
o6ecneHHBaeT BHKinoHeHHe yKasaHHoro BHenmero HCTOHHHKa, npnno^eHHe sjieicrpHHecKoro 
nojia AO MOMCHTa y;^aJIeHHa sap^eHHUx nacTm? hs npocTpancxBa MeyKjsy sjieicrpoflaMH, a 
saTeM HOBoe BmnoneHHe yKasaHHoro BHemHero HcxoHHHKa h HSMepenne TOKa. 

37. HoHHsai^HOHHBifi ^ereKTop no n.n.33-36, oxJiHHaiorqHHCH tcm, hto b HOHHsai^HOHHofi 
Kaisiepe ycTanoBJieno N HSOjraposaHHBix KaTO^oB, na KajKABift h3 KOToptix noAano 
HHAHBHAyanBHoe SHaneHHe nanp^enHH OTHOCHxejiBHO o^noro hjeh hcckojibkhx anoAOB h 

COOTBeXCTByiOmHX OAHOH HJIH HCCKOJIBKHX CCTOK, yKasaHHaa HSMepHTeJIBHaa CHCTCMa 

BwnojiHeHa c bosmo^khoctbk) HHAHBHAyajibHoro HSMepenns TOKa Ha KSOSij^jA ibis yxasaHHBix N 

KaTOflOB. 

38. HoHH3aip[OHH£iH flCTeKTOp n.n.21-37, oxjninaioiqHficii tcm, hto ycTaHOBJien 
flonojiHHTejiBHBift HCTOHHHK 3HeprHH, o6ecneHHBaK>iipcK nocTynjieHHC b HOHHsaipiOHHyio 
KaMepy b KanecxBe npHMecH k ocHOBHOMy rasy paciiBuieHHoro Maxepnajia MHmeHH ajw 
anajiHsa ee cocraBa. 

39. HoHHsaiproHHBid Aereicrop no n.38, oTJinnaioii^CA tcm, ^o yKasannan MHmeHB 
ycTaHOBJiena b KanecTBe KaTO^a, pacnHJiseMoro npeABapHTejibHBiM njiasMeHHBiM paspwoM, 
sa^KHraeMBiM c noMonxbio yxasaHHoro AonojmHTejibHoro HcroHHHKa sneprHH. 

40. HoHHsaiiCHOHHBifi AexcKTop no n,n.21-39, OTjmnaiomHHCH tcm, hto ycxaHOBJicH 
jHonoJiHHTejiBHBiH HCTOHHHK HJiasMeHHoro paspH^a, B KOTopoM MOJicKyjiBi o6pa3ua 
npe^BapHTejiBHo no^BepraioTc^ AHcco^Ha^HH Ha aTOivmc jofl^ anajiHsa b HOHH3a^HOHHOH 
KaMepe sjieMCHTHoro cocTasa oGpasi^a. 

41. HoHH3aii;HOHHBiH ACTeKTop no n.n.33-37, oTJiHHaioiiiHHCK TeM, hto hctohhhk HSJiynenHH 
HanojmeH aproHOM h coctoht h3 muiHHApHHecKoro OKsa, npospaHHoro jpM SToro HSJiyneHHa, 
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wyx ajieKxpoAOB Ha xopnax oKHa h cHcreMBi imraHH^ jjjia, sasmraHHfl rasoBoro paspH^^a, a 
ano;^, Kscrojs, h cenca ajm flexeKTHpoBaHM ^oxodJieicrpoHOB hmciot 4>opMy njiocKnx, 
napajDiejibHBix Apyr Apyry KOJiei^, pacnojio^KCHHux KoaKcnajiBHo h cnapy^ ot 
i^Bummq)HHecKoro oKHa HCxoHHHKa HSJiyneHUfl, npH stom HSJiyneHHe npoxo^tHx tojibko b 
npocrpaHCTBe uoi^iffy anoAOM h cexKofi. 
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